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FOREWORD  MD  AaCIOWLEDGMEIffS 

This  is  the  first  report  in  a  series  of  studies  in  different  farmii^g 
areas  of  California,  focusing  on  the  relationship  of  costs  to  the  scale 
of  farming  operations.    The  primary  data  on  which  this  study  is  based  were 
obtained  from  a  sample  of  farmers  in  the  cash-crop  irrigated  area  around 
Woodland  in  Yolo  County. 

The  authors  acloiowledgc  the  assistance  and  cooperation  of  the  Yolo 
County  farmers  who  provided  the  "basic  information  used  in  this  study. 
Valuable  assistance  also  was  received  from  Mr.  T.  S.  Tomgren  and  Mr.  M.  P. 
Zobel  of  the  Yolo  County  Farm  Advisor's  Office,  Dr.  John  Lingle  of  Vegetable 
Crops,  and  I>lr.  Jack  Hills,  Dr.  Milton  D.  Miller,  ^^r.  Philip  Parsons,  and 
Dr.  Doyle  Reed  of  the  California  Agricultural  Extension  Service.  John 
Allison,  V/arren  Johnston,  Robert  Leonard,  and  John  Vondrusha  carried  out 
the  field  work  and  made  preliminary  analysis.    Clement  Hartley,  Larry 
Swei'ingen  and  Adrian  Vasquez  of  the  Agricultural  Economics  Statistical 
Pool  assisted  at  various  stages  of  the  analysis. 
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COST -SIZE  RELATIONSHIPS  FOR  CASH  CROP  FARi-B 
IN  YOLO  COUNTY,  CALIFORNIA 


Gerald  W.  Dean- 


and  Harold  0.  Carter 


INTRODUCTION 


Historical  trends  of  farm  size  in  California  indicate  important  increases 
in  the  past  and  suggest  the  hypothesis  of  increasing  farm  size  in  the  future. 


Table  1  indicates  that  farm  size,  as  measured  in  acres  per  farm,  increased 


1954.-'    As  a  state  average,  the  land  per  farm  increased  by  one-third  from 
230  acres  to  30T  acres.    This  change  in  size  is  due  primarily  to  consolidation 
of  existing  farms  into  larger  units.    Table  2  indicates  that  the  proportion 


proportion  of  farms  in  every  category  under  I80  acres  (except  less  than  10 
acres,  due  to  part-time  fanning)  decreased  since  19hO.    Farm  size  can  probably 
be  measured  more  accurately  by  value  of  product  sales  than  by  acres  alone. 
Expressed  in  corstant  dollars,  the  value  of  product  sales  per  farm  in  Cali- 
fornia x/as  $i^,908  in  19^0,  $6,373  in  19^5,  $6,4lT  in  1950  and  $8,239  in 
195l)..l/    This  trend  toward  larger  farms  has  caused  speculation  that  ultimately 


1/    Assistant  Professor  of  Agricultural  Economics,  Assistant  Agricultural 
Economist  in  the  Experiment  Station  and  on  the  Giannini  Foundation,  University 
of  California,  Davis,  California. 

2/  While  census  data  on  farm  size  is  available  only  through  195^,  the  1959 
cen¥us  is  expected  to  reveal  a  continuation  of  the  trends  noted. 

3/    Hopkin,  John  A.,  A  Study  of  Farm  Size  in  California,  Economics  Depart- 
ment, Bank  of  America,  N.T.&  S.A.,  San  Francisco,  California.  (Unpublished 
manus  cr ipt . )  19  57 • 


Farm  size,  however  measured,  has  increased  rapidly  in  California  since  19^0. 


of  farms  in  every  size  category  over  I80  acres  increased  since  19*^-0;  the 
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TABLE  1 

Average  Acreage  per  Faim  ty  Crop  Reporting  Districts,  California,  1940-1954 


Area 

1940 

1945 

1950 

1954 

acres 

Crop  reporting  districts : 

I -North  Coast 
I I -North  Central 
III -North  East 
IV-Central  Coast 

438 
511^ 

1,007 

236 

454 
613 
949 
250 

546 
767 
1,079 
267 

566 
847 
1,165 
286 

V-Scaramento  Valley 
VA-San  Joaquin  Valley 
VI -Mountain  Area 

323 
215 

422 

312 
284 
476 

326 
278 
469 

350 

293 
581 

Vll-Southern  Calif. 

117 

115 

132 

192 

State 

230 

252 

267 

307 

Source:    U.  S.  Census  of  Agriculture,  Caa.ifomia.    1940,  1945,  1950,  1954. 


TABLE  2 

Percentage  of  Farms,  by  Size,  California,  1940-1954 


Size  of  Farm 

19'^0 

19^5 

1950 

1954 

percent 

Under  10  acres 

23.8 

26.9 

27.3 

27.7 

10  to  29 

28.5 

26.8 

26.2 

24.8 

30  to  49 

12,5 

11.7 

11.6 

11.3 

50  to  99 

11.5 

11.2 

11.2 

11.1 

100  to  179 

8.0 

7.9 

7.5 

7.7 

180  to  259 

3.4 

3.3 

3.3 

3.6 

260  to  499 

h.9 

4.6 

4,8 

5.0 

500  to  999 

3.4 

3.3 

3.4 

3.7 

1000  and  over 

4.0 

4.3 

4.5 

5.1 

Total 

100.0 

100.0 

99.8 

100.  2 

Source:    C.  0.  McCorlie,  Jr.,  A  Statistical  Picture  of  California's  Agriculture. 
California  Agriciiltural  Experiment  Station  Circular  459. 


... 

 oi'::^.  ■  ■ 

i  . 

— , — 

 as'io.''; 

TdS 

- 

! 

i 

! 

1 

t 

r                   ■  T  '* 

.-V  : 

i 

.•  VOt  ■  ■ 

Tc2 

.   -L_ 

•',3  or  ■'^:^or 


-.SOT 


T 

 'TCUiPi  "  " 

;     ....  ;.r:;.&a  xo  e...:.^ 

~  —  ■  •  ■■ 

■ 

T.TS 

o   -  - 

s.cJs  ; 

0  r 

I.  II  ; 

S.Xx  j 

.  T.T  ' 

QTi  oi  or : 

, 

o.-t  Oo.r 

i 

0.?  1 

■  "  • 

v-t  ! 

^-.i  ! 

■ 

-'••V  : 

! 

Lri  

___  0_^f  _ 

'S'  .OOi  ; 

( 

t 

-   .'ia/i  3'  -:- 

3. 


only  extremely  large  scale  farms  will  remain  in  California  agriculture.  The 
underlying  hypothesis  of  such  speculation  is  that  considerable  cost  economies 
are  realized  through  expansion  of  fam  sise.    Development  of  expensive  machinery 
which  can  "be  justified  only  on  large  acreages,  labor  specialization,  and 
buying  and  selling  economies  are  often  cited  as  reasons  supporting  the 
"inevitable"  shift  to  ejrt;remely  large-scale  faming  in  California. 

Itore  exact  knowledge  of  the  relationship  between  costs  and  size  of 
operation  is  of  importance  to  a  number  of  different  groups— farmers,  bankers 
and  leaders  of  other  agriculture-related  industries,  and  administrators  of 
state  and  national  govei-nmental  agencies.    Farmers  need  to  know  the  size  or 
scale  of  operation  required  in  order  for  them  to  compete  successfully  with 
other  farms  in  the  long  run.    As  farms  expand  in  size,  machinery,  chemicals 
and  capital  in  other  forms  substitutes  for  labor.    Thus,  banks,  fertilizer 
and  machinery  companies  and  other  groups  furnishing  agricultural  inputs  have 
a  direct  interest  in  economies  of  scale  and  trends  in  farm  sizes.  Larger, 
more  commercialized  farms  also  tend  to  develop  integrated  production  and 
marketing  practices  which  exert  an  important  impact  on  the  processing  and 
marketing  of  agricultural  products.    Finally,  knowledge  of  the  economics 
of  farm  size  is  necessary  as  a  basis  for  governmental  policy,  such  as 
determining  acreage  limitations  in  water  development  programs. 

Despite  the  continuing  need  for  knowledge  of  economies  of  size  in 
California  agriculture,  only  a  few  empirical  studies  are  available.-'''  Therefore, 

1/    See:    McCorlde,  C.  0.,  Jr.,  Horthern  Kern  County  Cotton-Potato  Farcis, 
Costs,  Returns  and  Scale  of  Operations.    Calif.  Agric.  Exp.  Sta.  Giannini 
Found.  Mimeo.  Report  No.  Ik3,  Hopkin,  John  A.,  "Economies  of  Size  in  the 

Cattle-Feeding  Industry  of  California,"  Journal  of  Farm  Economics,  vol.  kO, 
no.  2,  May,  I958,  pp.  417-429;  Hedges,  Triable  R.,  Estimated  Earning  of 
Specified  Farm  Types  and  Sizes,  California  Crop  Farms,  .19^6-^  Conditions 
Calif.  Agric.  Exp.  Sta.  Giannini  Found.  Mimeo.  Report  No.  226,  December,  1959- 
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the  authors  have  initiated  a  series  of  cost-size  studies  focusing  on  different 

geographic  areas  and  types  of  farms  in  California.    This  first  study,  to  be 

released    in  two  reports,  is  restricted  to  a  specific  geographic  faming 

area — the  cash  crop  irrigated  area  around  Woodland  in  Yolo  County .i/  This 

first  report  investigates  farming  costs  associated  vith  various  combinations 

and  levels  of  resources.    A  forthcoming  second  report  suggests  optimum 

adjustments  in  farm  organization  for  operators  shifting  farm  size  or 

2/ 

improving  their  economic  position  with  the  present  size.-' 

OBJECTIVES 

The  major  objective  of  this  report  is  to  examine  cost  economies  for 
o^med  and  share-rented  cash  crop  farms  in  Yolo  County,  assuming  above- 
average  management  and  high  efficiency  in  resource  use.    That  is,  cost- 
size  relationships  are  approximated  under  ideal  or  optimum  resource  use 
rather  than  actual  or  "typical"  conditions.    The  former  concept  more 
nearly  depicts  the  relevant  cost  relationships  for  decision-making  in  a 
long-run,  competitive  framework. 

Crop  rotations  vary  considerably  in  the  study  area.    Thus,  cost 
relationships  are  examined  for  (l)  crop  rotations  "typical"  of  those  in  the 
area  and  (2)  optimum  crop  rotations  with  given  product  prices.  However, 


1/  Other  farming  locations  in  California  presently  under  study  are  the 
Yuba  City -Mary sville  fruit  area  and  the  Imperial  Valley. 

2/    Dean,  G.  W.  and  H.  0.  Carter,  Guides  to  Profitable  Cropping  Systems 
'or  Yolo  County  Farms.    Giannini  Research  Report  (forthcoming). 
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under  all  crop  rotation  assumptions,  efficient  production  tecloniques  and 
resource  combinations  are  employed.    Machinery  costs  are  subjected  to 
particular  study  because  they  represent  a  commonly  cited  source  of  cost 
econonqr. 

BASIS  FOR  ANALYSIS  OF  COST  ECONOMIES 

The  theoretical  basis  for  analysis  of  cost  economies  is  illustrated 
in  Figure  1,  using  the  traditional  average  unit  Cost  cvirves  of  the  fim,^  ^ 
The  short-run  average  cost  curves  (SRAC)  assume  one  or  more  resources  to 
be  fixed  (a  fixed  "plant"),  while  other  resources  are  variable;  the  long-run 
average  cost  curve  (LRAC)  assumes  all  resources  are  variable  (including 
those  designated  as  "fixed"  in  the  short  run).    In  this  study,  machinery  is 
designated  as  the  resource  category  fixed  in  the  short  run.    Thus,  SRAC^ 
illustrates  average  cost  per  unit  of  output  for  different  levels  of  output, 
assuming  a  fixed  set  of  machinery,  vhile  land  and  other  resources  are  variable. 
Curve  SRACg  is  a  similar  average  cost  curve  based  on  a  different  fixed 
machinery  combination  composed  of  more  and  larger  pieces  of  equipment. 
Curves  SRAC^  and  SRAC^  have  similar  interpretations  for  still  larger  fixed 
machinery  combinations.    The  short -run  average  cost  curves  have  a  typical 
"u"  shape:    Average  costs  decline  with  an  initial  expansion  of  output  as 
fixed  costs  are  spread  over  more  units,  eventually,  however,  average  costs 

1/    Concepts  of  economies  of  scale  are  \d.dely  discussed  in  economic 
literature.    For  example,  see:    Boulding,  Kenneth  E.,  Economic  Analysis, 
(Nei/  York:    Harper  and  Brothers  Publishers,  1955)    Third"  ed.  p.  671-90' 
and  Stigler,  George  J.,  The  Theory  of  Price  (New  York:    MacMillan  Co,  1952) 
revised  ed.,  p.  134-14?. 


FIG.  I.  HYPOTHETICAL  SHORT-RUN  AND  LONG-RUN  AVERAGE 


UNIT  COST  CURVES  FOR  FARMS  OF  DIFFERENT  SIZES, 
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per  unit  of  output  level  off  and  then  rise  as  other  inputs  must  "be  added  in 
increasing  proportions  to  the  fixed  machinery  combination  in  order  to  reach 
greater  output  levels. 

From  the  standpoint  of  trends  in  farm  size  and  survival  of  the  firm, 
the  long-run  average  cost  curve  (LRAC)  is  prohably  most  relevant.  The 
LRA.C  curve  is  an  "envelope"  formed  as  a  tangency  to  the  short-run  cost 
curves.    Thus,  the  LRAC  theoretically  represents  the  minimvun  cost  for 
producing  each  quantity  of  output;  in  this  sense,  the  LRA.C  curve  can  "be 
considered  as  a  planning  curve.-'''    In  long  range  planning,  a  farmer  with 
sufficient  funds  could  select  any  output  point  on  the  LRAC  curve.  Correspond- 
ing to  this  point  is  a  particular  machinery  combination  and  levels  of  other 
inputs.    Once  this  machinery  set-up  has  been  selected,  however,  the  LRAC 
is  no  longer  relevant;  the  farmer  is  then  restricted  to  the  short-run  cost 
curve  corresponding  to  the  machinery  combination  selected.    Figure  1  shows 
that  SRAC^  represents  the  optimum  machinery  combination  if  minimum  average 
cost  is  used  as  the  criterion.    In  a  situation  forcing  returns  per  unit  of 
output  to  R^,  only  farms  using  the  optimum  machinery  combination  (correspond- 
ing to  SRAC^)  and  operating  at  output       on  SRAC^  could  survive  in  the  long 
run  (in  a  perfectly  competitive  economy);  all  other  farms  would  have  higher 
costs  and  would  therefore  be  operating  at  losses.    However,  if  average 
returns  per  vmit  are  greater  than  R^,  firms  with  machinery  combinations  both 
larger  and  smaller  than  the  "optimum"  might  still  operate  with  profits. 

1/    The  LRAC  is  only  an  approximation  to  a  "practical"  planning  curve 
because  machinery  (and  possibly  other  inputs)  are  not  perfectly  divisable. 
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The  short -run  and  long-run  cost  curves  of  Figure  1  correspond  to  the 
classical  "textbook"  relationships.    Alternative  hypotheses  are  possible 
regarding  the  shapes  of  empirical  cost  cuirves  within  the  relevant  range  of 
output.    The  "u"  shape  is  probably  quite  appropriate  for  the  short -run  curves 
where  some  factor  is  held  fixed.    However,  there  is  some  question  whether 
the  LRAC  curve  is  "u"  shaped.    Some  argue  that,  because  all  factors  (includ- 
ing management)  are  variable  in  the  long  run,  the  LRAC  may  approach  a  constant 
and  never  rise.    Others  argue  that  increased  size  brings  lack  of  communication 
and  other  forms  of  "red  tape,"  causing  the  LRAC  cun.'-e  eventually  to  rise. 
Obviously,  the  shapes  of  these  cujrves  have  important  bearing  on  trends  in 
farm  size.    If  the  "u"  shape  is  appropriate  for  the  LRAC,  firms  would  tend 
to  limit  expansion  much  beyond  the  minimum  point       (unless  returns  were 
considerably  above  R^,  making  larger  output  profitable).    However,  if  LRAC 
declines  throughout  or  becomes  constant  beyond  some  point,  what  would  prevent 
farms  from  expanding  size  indefinitely?    Perhaps  the  most  important  factor 
is  the  risk  and  uncertainty  inherent  in  farming.    Expansion  in  size  ordinarily 
requires  borrowed  capital;  as  more  borrowed  capital  is  employed  the  risk  of 
losing  equity  accumulated  over  time  increases.    Thus,  farmers  who  have 
achieved  an  efficient  sized  unit  and  satisfactory  incomes  tend  to  "play 
it  safe"  in  order  to  protect  their  current  position.    High  income  taxes  for 
large  farmers  also  may  reduce  the  incentive  to  expand  farm  size. 

Cost  Economies  with  Varying  Product  Mix 

The  above  discussion  of  cost  economies  assumes  that  "output"  is  a 
homogeneous  product  or  at  least  a  homogeneous  mix  of  products  (e.g.,  l/k  sugar 
beets,  l/k  alfalfa,  l/h  tomatoes  and  l/4  barley).     In  the  Yolo  County  study 
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area,  however,  institutional  and  economic  factors  cause  this  "mix"  of 
products  to  vaiy,  often  substantially,  as  farm  size  is  expanded.  Suppose 
an  operator  farms  36O  acres :    A  feasible  crop  program  may  be  90  acres  of 
alfalfa,        acres  of  barley,        acres  of  milo,  72  acres  of  sugar  beets  and 
90  acres  of  tomatoes.    If  the  operator  expands  his  acreage  three-fold  to 
1,  C60  acres,  the  acreages  of  sugar  beets  and  tomatoes  will  probably  expand 
less  than  proportionately.    Farm  survey  data  in  the  study  area  indicate  a 
definite  percentage  trend  away  finm  the  higher  value,  labor-intensive  crops 
as  farm  size  increases.    Reasons  are:    (l)  sugar  beet  acreage  is  contro]J.ed 
by  government  allotments  made  on  the  basis  of  historical  acreage;  (2) 
tomatoes  require  a  contract  with  the  canner;  (3)  high  risk  is  attached  to 
tomatoes  relative  to  other  crops;  (k)  expansion  in  acreage  often  necessitates 
leasing  poorer  qiiality  soils  which  in  turn  restrict  acreage  on  high-value 
crops;  and  (5)  expansion  is  often  encouraged  by  the  need  to  utilize  excess 
machine  capacity  thus  making  the  highly -mechanized  crops  (e.g.,  barley, 
milo,  and  saf flower)  more  feasible.    These  factors  cause  the  crop  mix  to  be 
nonhomogeneous  as  size  increases. 

The  importance  of  a  changing  product  mix  for  Yolo  Coimty  farms 
expanding  in  size  suggests  that  the  theory  for  single  product  firms  (see 
Figure  1  and  related  discussion)  must  be  expanded  to  handle  the  more 
realistic  sitviation  of  multiple  products.    With  multiple  products,  a  total 
cost  "envelope"  surface  can  be  visualized  representing  the  minimum  cost 
of  producing  all  levels  of  combinations  of  products.    Conceptually  this 
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relationship  permits  examination  of  changes  in  total  costs  as  output  is 

expanded  along  any  trace  or  "path"  on  the  n-dimensional  multiple  product  cost 

surface.    \Jh±le  such  a  surface  might  be  approximated  empirically, i/  the 

procedure  vould  be  quite  costly  and  cumbersome  \n.th  a  large  number  of  products 

(e.g.,  5-10  crops).    Further,  large  areas  of  such  a  surface  vould  be  irrelevant 

because  of  acreage  allotments,  contractual  arrajigements,  diseases  and 

rotational  restrictions, 

A  relatively  siiple  alternative  procedure  is  used  in  this  study:  Cost 

relationships  are  derived  for  only  a  few  selected  relevant  traces  on  the 

multiple  product  surface.    This  procedure  is  illustrated  with  a  simplified 

two-product  cost  surface  in  Figure  2.    Lines  I-I',  II-II',  III-III'  and  IV-IV' 

in  Figure  2  refer  to  production  possibility  or  iso-cost  curves  on  the  total 

cost  "envelope"  surface.    Empirically,  the  production  possibility  curves  are 

formed  from  linear  resource  restrictions  for  fixed  plants  or  farms  of  different 
2/ 

sizes.-'    Later  analyses  for  three  separate  multiple  product  mix  situations — 
distinguished  as  Budget  I,  Budget  II  and  Linear  Prog ramming --are  analogous 
to  the  three  "traces"  illustrated  for  the  two-product  case  in  Figure  2. 
Budget  I  (corresponding  to  trace  OA,  Figure  2)  assumes  the  sane  "average" 
cropping  system  (fixed  multiple  product  mix)  over  the  entire  output  range. 
Budget  II  (corresponding  to  trace  OB,  Figure  2)  assvmes  a  series  of  changing 


1/    For  example,  see:    French,  B.  C,  L.  L.  Sammot,  and  R.  G.  Bressler 
"Economic  Efficiency  in  Plant  Operations  with  Special  Reference  to  the 
Ilarketing  of  California  Pears."    Hilgardia,  vol.  2k,  no.  19,  July,  1956,  p. 
5^3-721. 

2/    Algebraic  and  graphic  derivation  of  such  production  possibility  curves 
is  frequently  presented  in  linear  programming  literature.    For  example,  see: 
Heady,  E.  0.  and  Wilfred  Candler.    Linear  Programming  Methods.    Chapter  2. 
(Ames:    Iowa  State  College  Press,  1958. } 
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cropping  systems  (product  nixes)  "typical"  of  farms  of  different  sizes.  The 
Linear  Programing  situation  (corresponding  to  trace  OC,  Figure  2)  allows 
the  cropping  system  (product  mix)  to  change  in  optimum  fashion  as  output 
expands.    This  situation  is  of  particular  interest  because,  given  product 
prices,  it  specifies  optimum  expansion  possibilities,  consistent  with  the 
institutional  and  economic  realities  facing  farmers. 

Measuring  Output  for  I»fijiltiple  Product  Farms 

It  is  necessary  to  study  cost  economies  along  the  particular  traces 
(product  mixes)  of  interest  and  also  useful  to  compare  cost  economies  among 
the  various  traces.    However,  the  multiple  product  situations  present  the 
problem  of  finding  an  appropriate  measure  of  output,  particularly  when  the 
product  mix  changes  (is  nonhomogeneous )  as  output  expands.    Without  a  measure 
of  output,  no  meaningful  average  total  cost  surface  exists,  either  conceptually 
or  empirically.    In  this  study  product  prices  (P^)  are  specified  as  product 
(Q^)  weights;  thus,  total  revenue  (|  P^       =  TR)  becomes  the  index  of 
output  and  average  cost  is  expressed  as  total  cost  per  dollar  of  total 
revenue  (TC     TR  =  ATC).    V/hile  any  weighting  system  admittedly  is  somewhat 
arbitrary,  a  precedent  for  this  procedure  is  found  in  determining  total 
costs  by  weighting  optimum  input  combinations  by  factor  prices.    Given  total 
revenue  (TR)  as  a  measure  of  output,  comparisons  can  be  made  of  ATC  (TC  +  TR) 
for  any  conceivable  trace  on  the  total  cost  surface. 

The  critical  factors  in  interpretation  of  the  long  run  average  total 
cost  curve  are  the  "breakeven"  point  (TC  =  TR  or  ATC  =  AR)  and  the  minimum 
ATC  point.    Ordinarily,  this  cost  curve  is  independent  of  product  price.  How 
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does  inclusion  of  product  price  in  the  output  measure  affect  the  nature  of 
the  average  cost  curve?    In  the  case  of  a  single  product  or  multiple  products 
in  fixed  proportions,  use  of  TR  as  a  measure  of  output  does  not  affect  the 
critical  "breakeven"  or  "minimum"  points,  assuming  constant  product  prices. 
That  is,  by  transforming  output  into  TR,  the  minimura  point  on  the  ATC 
(TC  *  TR)  curve  occurs    at  the  same  product  combination  and  level  as  the 
minimum  total  cost  per  unit  of  the  physical  product  or  fixed  product  combi- 
nation.   Neither  do  changes  in  the  product  price  level  (relative  product 
prices  constant)  affect  the  product  level  and  combination  corresponding  to 
the  minimum  point  on  the  ATC  (TC  *  TR)  curve.    (Of  course,  vith  changes  in 
the  product  price  level,  the  minimum  ATC  occurs  at  a  different  TR,  but 
still  corresponds  to  the  sane  physical  product  quantities.)    Also,  in  the 
more  complex  case  where  multiple  products  expand  in  nonconstant  proportions,, 
it  can  be  shown  that  changes  in  the  price  level  (relative  product  prices 
constant)  do  not  change  the  physical  product  combination  and  level  correspond- 
ing to  the  minimum  point  on  the  ATC  (TC  +  TR)  curves.    Thus,  if  relative 
product  prices  are  assumed  constant  ^^ith  changes  only  in  the  price  level, 
use  of  TR  as  a  measure  of  output  does  not  distort  the  cost  economies 
relationships. 

In  the  following  empirical  sections,  individual  cost  curves  and 
comparisons  are  expressed  in  terras  of  ATC  (TC  t  TR)  in  relation  to  output 
(TR).    However,  while  TR  can  be  defended  as  a  conceptually  useful  measure 
of  output,  farmers  conventionally  thinlc  of  fam  size  in  terms  of  acres 
operated  or  investment  in  land  and  machinery.    Hence,  later  empirical 
results  are  also  related  to  these  common  size  indicators. 
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SOURCES  OF  DATA 

Data  for  the  study  came  primarily  from  personal  interviews  with  a 
sample  of  farmers  taken  during  the  summer  of  1959*    These  data  were  supple- 
mented with  engineering  and  cost  data  from  secondary  sources,  primarily 
publications  of  the  California  Agricultural  Extension  Service. 

The  sample  was  drawn  from  the  9^  square-mile  area  of  Yolo  County 
outlined  in  Figure  3.    This  area  \ra.s  defined  primarily  on  the  basis  of 
including  the  main  body  of  soils  in  the  Yolo  series_,  which,  in  turn,  restricted 
the  type-of-farming  to  relative  homogeniety.    Most  farm  land  in  the  area 
has  been  developed  for  irrigation,  with  water  coming  primarily  from  under- 
ground pumping. 

A  statistical  area  probability  sample^/  was  drawn  as  follows:  The 
area  was  divided  into  four  strata  of  2k  square-mile  sections  each.  A 
proportionate  sample  of  four  square-mile  sections  was  drawn  at  random  from 
each  stratum  and  every  "eligible"  farmer  whose  headquarters  was  located  in 
the  selected  sections  tos  contracted  and  interviewed.    After  making  the 
initial  contacts     however,  it  became  apparent  that  the  average  number  of 
"eligible"  farmers  per  section  would  be  considerably  less  than  anticipated. 
A  few  extremely  large  farms  operating  in  the  area  resulted  in  drawing  certain 
sections  with  no  headquarters.    To  avoid  bias  and  to  increase  the  sample 
size  sufficiently,  nearly  a  complete  enumeration  of  "eligible"  farmers  in 
the  area  was  necessary, 

l/    For  further  discussion  of  area  probability  sampling  see:  Houseman, 
Earl  E.,  Application  of  Probability  Area  Sampling  to  Farm  Surveys  (V/ashington: 
Govt.  Print.  Off.,  toy,  195^)  (U.  S.  Department  of  Agriculture  Handbook 
No.  67.) 
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"Eligible"  faras  in  each  mile  section  were  those  meeting  the  three 

following  criteria: 

1.  Location  of  headquarters.    The  headquarters  for  the  ranch  or  farm 
must  be  located  within  the  sample  section.    The  headquarters  was  considered 
to  be  the  main  machinery  repair  center  for  the  operation.    Use  of  the 
machinery  repair  center  rather  than  the  usual  "farmstead"  as  the  headquarters 
criterion  was  necessary  because  many  farmers  live  in  Woodland,  Yolo,  Davis 

or  other  towns  near  the  sample  area  and  do  not  maintain  a  "farmstead"  in 
the  usual  sense.    Yet  every  farm  has  a  main  machinery  repair  center,  which 
in  most  cases  also  includes  machinery  storage  facilities,  ranch  foreman's 
home  or  other  buildings  at  the  site. 

2.  Conimercial  farming.    The  farm  must  be  a  "commercial"  farm.  The 
purpose  of  this  criterion  \7as  to  eliminate  small,  part-time  farming  operations 
or  farms  not  operated  primarily  for  profit  (e.g.,  a  "hobby"  farm,  experimental 
farm,  etc.).    An  average  annual  gross  income  in  excess  of  ^5,000  was  required 
for  "eligibility." 

3.  Type  of  farming.    At  least  eighty  percent  of  the  farm  gross  income 
must  be  from  cash  crop  farming.    In  other  words,  farms  with  orchards,  speciali- 
ty vegetable  crops  (other  than  tomatoes),  or  livestock  operations  (dairies 
feed  lots,  etc. )  producing  individually  or  collectively  more  than  20  per- 
cent of  the  gross  income  were  excluded  from  the  sample. 

Records    for  the  19 5^  crop  year  were  obtained  from  each  of  the  farms 
interviewed.    Information  on  land,  labor  use,  crop  acreages,  yields,  pro- 
duction, machinery  and  equipment  investment,  farm  expenses  and  income  were 
obtained.    In  most  cases,  the  figures  were  given  directly  from  income  tax 
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records  and  other  farm  records.    In  a  fe\r  cases^  figures  vere  obtained 
larcGly  from  memory  with  the  help  of  fragmentary  records.    Thus,  memory 
bias  may  be  a  problem  in  some  of  the  schedules. 

In  all,  interviev  schedules  from  58  farmers  in  the  area  were  obtained. 
Of  these,  37  schedules  were  used  in  the  analysis.    Of  the  19  schedules  not 
used,  8  were  specialised  tomato  growers  (these  may  be  analyzed  separately 
at  a  later  date),    7  were  fanns  specializing  in  either  all  grain  crops  or  all 
alfalfa  and  6  were  not  used  on  the  basis  of  inaccurate  or  incomplete  infor- 
mation.   The  rate  of  "refusals"  and  "unable  to  contact"  va.s  reasonably  low, 
totaling  about  10  percent. 

Characteristics  of  the  Sampled  Farms 

Table  3  summarizes  the  mean  and  range  of  some  of  the  main  character- 
istics of  the  37-farm  sample.    All  data  refer  to  operations  for  the  1958 
calendar  year.    Nearly  three-fourths  of  the  total  land  acreage  was  rented; 
many  of  the  large  individual  operations  in  the  area  were  wholly  or  dominatly 
tenant  operations.    Furthermore,  the  individual  tracts  of  leased  property 
were  of^en  widely  separated--by  15-20  miles  in  some  cases.    Only  about 
5  percent  of  the  cropland  on  the  37  farms  was  nonirrigable;  most  farms  were 
completely  developed  for  irrigation. 

The  crop  production  summary  (Table  3)  provides  relative  acreages  of 
each  crop;  these  acreages  are  considered  later  in  developing  typical  crop 
rotations  for  purposes  of  budgeting  cost  curves.    Because  1958  was  a  some- 
what unfavorable  crop  year  (due  primarily  to  late  spring  rains  which  delayed 
field  operations),  both  I958  "actual"  yields  and  estimated  "normal"  yields 
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TABLE  3 

Characteristics  of  the  Sanple  of  Farms,  1958-' 


1 

Range  ) 

Item 

Unit 

Mean 

Lov 

High  1 

—  ' 

Land: 

Total  land 
Land  owned 
Land  rented           ,  / 
Irrigat)le  cropland—  / 
Konirrigable  cropland- 
Wasteland 

acres 
acres 
acreb 
acres 
acres 
acres 

81^2 
236 

776 
h^ 
21 

71 
u 
0 

65 
0 
0 

1 

4, 000  f 

3, 560  i, 
4, 000  i 

534  1 
160  ; 

d/ 

Crop  production:—' 
Sugar  beets --acreage 

1958  yield 
"normal"  yield 
Tomatoes - -acreage 

lypo  yieid. 

acres 
tons/acre 
tons/acre 
acres 

4-       >~l  C    1  f* 

KjOuStj  acie 

99 
IT 
22 

i6i^ 

0 

7.5 

15 

u 
5 

310 
27.7 

27 

6I4.B 

31 

"normal"  yield 

tons/acre 

22 

17 

30 

Barley- -acreage 

1958  yield 
"normal"  yield 
Alfalfa- -acreage 

1958  yield 
"normal"  yield 
Mixo- -acreage 

1958  yield 
"normal"  yield 

acres 

CTiTt/acre 

c\7t/acre 

acres 

tons/acre 

tons/acre 

cirt/acre 
cvt/acre 

186 

26 

31 

116 

6 
7 

71 

37 

43 

0 
14 
20 

0 

3 
4 

0 
10 

11 

1,300 
4o  I 
40  ! 
780  i 

9  ! 
10.4  ; 

700  1 

72  j 

60  ! 

Other  crops --acreage 

acres 

177 

0 

1,005 

Labor: 

Total  labor 

Hired  labor          ^ / 

Supervisoiy  labor-^ 

$/year 
$/year 
$/year 

ii8,536 

38,293 
10,21+3 

5,400 
992 
3,600 

212,733  1 
198,333  1 
31,200  t 

! 

Machinery  investment  (mkt. value) 

% 

37,2Ul 

4,100 

109,775  1 

1  f/ 
[Productive  cash  ejrpenses— ' 

$/year 

33,483 

2,399 

127,791  \ 

iGross  income:^ 

1958  prices,  1958  yields 
1958  prices,   "nonaal"  yields 
"normal"  prices,   "normal"  yields 

$/year 
$/year 
Vyear 

124,348 
148,676 
146,896 

7,471 
8,578 
8,415 

397,957 
456,933 
450,757  ! 

(Continued  on  next  page.) 
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(Table  3  continued. )  '  ^ 

a/    Based  on  records  fi'om  a  sample  of  37  farms  in  Yolo  County. 

b/    Developed  for  irrigation,  even  if  not  actually  irrigated  in  1958. 

c/    Not  developed  for  irrigation. 

d/    Acres  of  individual  crops  do  not  necessarily  add  to  total  cropland 
since  some  land  is  double  cropped.     "Normal"  yields  were  estimated  as 
the  estimated  average  yield  over  the  previous  five  years. 

e/    Includes  hired  foreman  as  well  as  opei-ator  labor. 

fj    Includes  only  cash  e>:penseE  directly  related  to  output. 

g/  "Normal"  prices  are  defined  as  the  average  price  over  the  previous  fi 
~     years . 
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vere  obtained  from  each  farmer.-/     For  eveiy  crop,   "normal"  yields  averaged 
higher  than  1958  actual  yields,  although  some  hias  may  he  encountered  in 
farmers'  varying  interpretation  and  memory  of  "nomality.  "    All  inputs  and 
gross  income  were  adjusted  to  reflect  "normal"  yields  for  the  major  part  of 
the  analysis,  in  order  to  more  nearly  represent  typical  conditions  than  act'ial 
1958  data. 

The  average  labor  input  per  fara  (Table  3)  was  nearly  $50,000, 
reflecting  substantial  acreages  of  labor-intensive  tomatoes  and  sugar  beets 
as  well  as  the  large  farm  sizes  in  the  area.    About  80  percent  of  this  labor 
was  hired  (seasonal  and  year-round)  and  about  20  percent  \ras  super'/isory 
(including  hired  foreman  and  operator).    Average  machinery  investment  (at 
market  value)  and  productive  cash  e>:penses  per  farm  of  $37,24l  and  $33; ^1-83 
further  illustrate  the  highly  commercialized  operations  studied. 

EMPIRICAL  AIIALYSIS  OF  COST  RELATIONSHIPS 

The  analysis  was  devised  to  obtain  estimates  of  selected  short-xnin 
average  cost  curves  as  well  as  the  "envelope"  curve  or  long-run  avei-age  cost 
curve  (see  Figures  1  and  2  and  related  discussion).    Therefore,  the  farms 
in  the  37  farm  sample  were  first  divided  into  four  size  classes  in  terms 
of  acreage:    l60-320  acres,  320-6^1-0  acres,  640-1200  acres  and  over  1200 
acres.    From  the  survey  information  on  these  farms,  four  machinery  and 
equipment  lists  (l,  II,  III,  IV )  were  developed,  representing  "typical" 
machinery  combinations  for  farms  in  each  of  the  four  acreage  categories 
(Table  h).    This  "typical"  machinery  and  equipment  then  constituted  the 


1/  "Normal"  yields  were  defined  as  the  estimated  average  yield  over  the 
previous  five-year  period. 


n  '.rij      '■.■5  ".'nl:  of:'  'tt  &o':i  '  otl-f 
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TABLE  h 


Typical  Machinery  Combinations  for  Famis  of  Various  Size,  Yolo  County, 


Machinery  combination  for  faim  sizes 


1 

I  1 

II  1 

Ill  1 

IV 

lypc  of  machine 

(l6o-  1 

(520-  1 

i6kO-            (1200  ac. 

 ( 

320  ac. )  1 

6^0  ac. )  I 

1200  ac. )  1 

and  more) 

IIo.  of  each  type  of  machine 

utonotlve  equipment: 

Pickups 

2 

2 

o 

J 

Trucks -flatbeds 

1 

1 

2 

3 

Trailers -highway 

1 

1 

2 

3 

Trailers -lovbcd 

1 

1 

1 

1 

Implement  cany  alls 

1 

1 

1 

_2  1 

ov/er  equipment : 

: 

Crawler  tractors    kO  CDBHF 

1 

0 

1 

0  i 

50 

0 

1 

0  i 

0  i 

'  60 

1 

1 

2  ! 

2 

100  " 

0 

0 

0 

}  i 

V/heel  tracto3:"s       20  " 

2 

1 

2 

k  . 

30  " 

0 

1 

1 

2 

and  preparation  equipment : 

1  

Chisels 

1 

1 

2 

3 

Harrows -spike 

1-12' 

i-i8' 

2-20' 

2-30' 

Harrows -spring 

1-12 ' 

1-18 ' 

2-20' 

2-30' 

Harrow  cart 

0 

1 

1 

3 

Roller 

1-12' 

l-l8' 

1-20' 

1-25' 

Tool  bar 

1 

1 

1 

3 

By  hoc 

0 

0 

1 

1 

Ditcher 

1 

1 

1 

1 

Disk:    up  to  8' 

1 

0 

0 

0 

8-1^1-' 

1 

2 

I 

l)|' 

0 

0 

1 

3 

Plow:    1-2  bottom 

0 

0 

0 

1 

3-5  " 

1 

1 

1 

3  1 

'lanting  and  cultivating  equip: 

Tomato  planter 

0 

0 

2 

2 

Seeder 

1 

1 

1 

2 

Drill 

1 

1 

1 

1 

Cultivator  . 

2 

2 

s 

3 

Beet  thinner 

0 

0 

1 

1 

Sprayer 

1-200  gal. 

l-i|-00  gal. 

1-500  gal. 

1-600  gal. 

Duster 

0 

0 

0 

1 

Ridger 

!  0 

0 

1 

1 

Lister 

0 

1 

1 

1 

[ai'vesting  equipment: 

Beet  digger  -  1  row 

0 

1 

0. 

1 

Beet  digger  -  2  row 

0 

0 

1 

1 

Combine  (self -propel) 

1-12' 

1-12' 

l-l6' 

2-l6' 

Mower 

1-6' 

1-8- 

2.6' 

2-8' 

T^n  Toy* 

0 

0 

0 

1 

Rake 

2 

2 

2 

5 

Bale  loader 

0 

0 

0 

X 

Beet  topper 

0 

0 

1 

1 

l^and  leveling  equipment : 

Land  plane 

■  0 

1 

1 

2 

Drag  or  float 

i  0 

U 

1 

1 

a/    Source :    Sami^le  of  37  cash 

crop  faras; 

Yolo  County. 

 ^  I 
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"fixed"  resource  aGcuned  in  deriving  four  sliort-ron  average  cost  curves- 
land,  labor,  and  other  inputs  uerc  considered  variaMe.    The  short -rvui 
avcraco  cost  cui-vos  were  teminatcd  by  the  "capacity"  (later  defined)  of 
each  aachineiy  combination,  not  by  an  arbitraiy  acreage  linit.    A  long-ran 
average  cost  curve  (or  planning  curve)  vas  then  approximated  as  an  envelope 
to  the  fo'oi-  short-run  avei-age  cost  cui'vec.— 

Presentation  of  the  cnpirical  results  is  divided  into  two  major 
cectionG--tho  first  dealing  with  opcra-ior  cost  rela-c ionships  on_ owned ^farns , 
the  second  with  operator  costs  on  sharc_-ronted  fan:iG.    Within  each  of  these 
tenure  situations  a  distinction  is  naintaiucd  between  Budget  I  and  Budget 
II.    Budget  I  assumes  a  comon  cropping  system  for  all  acreages  (correspond- 
ing to  trace  CA,  Figure  2).    Budget  II  assur-es  a  different  cropping  system 
for  each  of  the  four  zizc  groups  defined  above  (corresponding  to  trace  OB, 
Figure  2).    For  the  rented  situation,  a  Linear  Programming  analysis  derives 
a  cropping  system  which  minimi i:es  cost  for  all  output  (total  revenue)  levels 
(cori'c spending  to  trace  OC,  Figuu'c  2). 

Tables  y  and  6  summarise  the  rotation  'lata  ass^amed  for  Budgets  I 
and  II,  respectively.    In  all  of  the  analyses,  constant  yields  per  acre 

o/ 

and  constant  prices  are  assuxicd  for  all  farm  Gi::es.-'     The  per  acre  gross 
income  or  total  revenue  (TR)  data  of  Tables  p  and  6  allow  a  ready  conversion 
of  the  later  empirical  measures  of  output  (fam  gross  income  or  TR)  into 
the  more  corxion  measure  of  acres  per  faixi. 


1/    It  is  recognised  that  the  nachineiy  combinations  selected  are  "typical 
rather  than  "optimum"  for  each  farm  si::e.    Thus,  the  envelope  to  the  short- 
r-tui  cost  curves  is  on].y  an  appro::imation  to  the  lor^r-run  average  cost  cui-ve. 

2/    Sui-vey  data  indicated  that  yields  per  acre  were  not  greatly  different 
aiaon.'^  si^e  groups,  and  no  trend  with  size  was  apparent.    There  also  was  litLle 
evidence  to  support  a  hypothesis  of  different  product  prices  received  on  fams 
of  different  sizes. 


TABLE  5 


Rotation  Do-ta  Aasiaiucd  in  Etd-cct  I 




Unit 

Yield 

per  / 
a/ 

aerc-^ 

Pri  ce 
"aiiiu— ' 

Gross 
iiiconc 
per  acre 

 , —  

Percent  of 
aci-caco  in 
rotationii/ 

OTOer- 
ox^erator '  s 
(^roGs  Incone 
per  aci'e  of 
rotation 

Gliare 
renter's 
gross  inccrae 
per  acre  of 
rotation^/ 

dollars 

I)ei'ccnt 

dolJ.ars 

A_l  lalfa 

tons 

7.3 

22.00 

160.60 

25 

70.15 

30.11 

Barley 

J->-'<- 

2.00 

62. '70 

15 

9.36 

5.62 

Mile 

c\rt. 

li-3 .  0 

2.10 

90.30 

15 

13.  5^1- 

10.16 

Su2C!.r  bcctG 

tone 

21.6 

13.00 

280.30 

20 

56.16 

77.93 

./^ Tomatoes 

tons 

22.5 

22.00 

795.00 

25 

123.75 

105.19 

A3-1  cxoi)S 

__ 

100 

272.96 

196.01 

i 

a/    Average  of  "normal"  yields  per  acre  froa  sample  (sec  Table  3).  ■ 

b/  For  a  complete  list  of  price  assnnptlons  used  for  all  crops  considered 

~  in  the  analysis  (sec  Appendix^  Table  A-2). 

c/  Overall  averc^cs  based  on  saEiplc  of  faiTis  and  adjusted  to  reflect  a  feasible 

~"  iudlviduxil  fann  rotation.  '  ',,  • 

d/    Bliaro-renter's  gross  incorae  based  on  the  typical  sliare  leasing  arrangements 
"      in  Yolo  County  (see  Append!::  Table  A-l). 

ro 

OJ 


TAI3LE  6 

Rotation  Data  AsGunod  iu  Bud^jct  II 


PcrccuL.ar;G  of 
i^otatlou  "by  ol 

acreogc  iii  . 

ZC  CL'COl'.llG—f 

Owier'£3  j;^i'OG3  incorac  i^cr  aci'o 
of  rotatlouV 

Sliai'e-rcnter '  G  grosD 
per  acx'G  of  rotat 

inccmo 
loiic/ 

Crop 

I  1 

II 

III 

IV 

I 

II 

III 

IV 

,  I 

II 

III 

f  IV 

percent 

cloi: 

_arG  . 

dollars 

Alfalfa 

15 

20 

25 

30 

24.09 

32.12 

40.15 

■kJ  .lo 

10.07 

24.09 

30.11 

36.14 

Barley 

10 

20 

20 

25 

G.2h 

12.  u8 

12.48 

15.60 

3*74 

7.49 

7.49 

9.36 

Milo 

15 

15 

20 

20 

13. 5 'i- 

13.54 

1C.06 

13.06 

10.16 

10.16 

13.54 

■I3.54 

Sugar  bocts 

20 

15 

15 

10 

56,16 

42.12 

42.12 

20.  Co 

44.93 

33.70 

33.70 

22.46 

f   Tomato CG 

ho 

30 

20 

1  n; 
—  y 

19C.OO 

148.50 

99 . 00 

74.25 

16O.30 

126.22 

04.15 

63.11 

1   A].l  c-rcpc 

100 

100 

100 

100 

29O.03 

1 

243.76 

211.81 

10^;-.17 

245.20 

201.66 

160.99 

144.61 

a/    RotatioiiG  for  diffcrcut  dIzc  groupc  based  01.  fam  sample  i:iforniatio:i  aad  adjusted  to  reflect  a  feasible 
individual  fain  crcppiuc"  systcni. 


b/    See  Table  5  for  assvuptio-ic  rocardiiic  prices  and  yields. 

c/    See  Appendi;:  Table  A-1  fur  typical  leaninc  arraiiceaenLs  asGisuGd. 
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CoG-c  GxructurcG  for  0'^mcr-OpGra.tcd  FciiTic 

Cost  Cui-vcG  for  Machiacry  (Budgg-'o  l) 

Economy  in  the  owiicrsliip  and  operation  of  fan.i  nachinciy  is  often 
cited  aE  the  major  ccot  advantacc  acsociatcd  with  increased  Gi::e.  Therefore, 
nachinery  coots  firct  arc  analyzed  separately,  then  incorporated  vlth  ether 
coGts  to  obtain  total  per  acre  cost  curves..  AIgo,  for  thiG  aueaysis,  pover 
nachinei^-  (<t,raclriayer  and  vheel  tractors)  is  defined  as  the  najor  roGource 
which  Units  short  run  (say,  one  year)  expansion  in  fai-n  sisc.  Although 
cuGton  operators  arc  Generally  available  to  pcrfoiTi  the  najor  hai'\^cstinG 
tashs  (baline,  combininc  and  sugar  beet  diGgiiiG)  organized  custom  operators 
are  not  readily  available  to  porfomi  the  usual  field  operations  involving 
heavy  tillage,  planting  and  culoivcrting.    Accordingly,  "craciaayer  power  and 
wheel  tractor  power  available  by  tine  periods  were  detcrnined  (see  Table 
A-h).    Daily  rainfall  data  for  the  past  15  years  in  the  Woocaand  area  were 
used  to  estinatc  the  average  nvxiber  of  days  per  nonth  available  for  field 
operations;  then,  assuning  a  lo-hour  day,  tractor  hours  available  nonthfLy  . 
for  field  operations  were  detcrnined.     Fron  these  calculations  estinates 
of  the  naxiniun  number  of  acres  of  a  specified  rotation  that  can  be  operated 
were  obtained  for  each  nachinery  conbmation.- 

Figurc  k  shows  pachinery  costs  per  acre  (for  the  rotation  specified 
:i  Table  5)  for  a  range  of  acreages  for  each  of  the  four  "fized"  nadiincry 


1/  One  linitaticn  apparent  in  this  procedijiro  is  that  sonc  farmers  operate 
tractors  in  "busy"  periods  more  than  10  hours  per  day. 


FIG.  4.    MACHINERY  AND  EQUIPMENT  COSTS  PER  ACRE  FOUR  MACHINERY  COMBINATIONS  (I. n,  ffl  AND 
m)  USED  AT  DIFFERENT  ACREAGE  LEVELS. 


10  12  14  16  18  20  22 
FARM  SIZE  (100  ACRES) 
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comliinatious.-'^    Each  cost  cui-vc  io  extended  to  an  acrcarc  limit  cori-espond- 
ing  to  iull    capacity  use  of  the  poirer  equipncnt  (defined  above)  as  deGignated 
by  vortical  lines  C^,  C^^.  C-^^  and  C^.    For  oxanple,  curve  represcnto 
total  nachincry  coGts  per  acre  of  operating  from  l6o  to  711  acres  vitli 
nachinoiy  combination  I.    Curves       and  V.^  represent  the  fixed  and  variable 
cost  conponents^  respectively;  of  total  costs  T-,  .    Cthcr  cost  curves  in 
Figure  k  have  a  similar  interpretation  for  i.iachineiy  corabinations  II.  III.  and 
IV.    Fi::ed  costs  for  iuachinery-  include  Wnual  depreciation,^  7  percent  interest 
on  tlio  average  investacnt,  insm-ancc,  and  the  "fixed"  component  of  machinery 
1'cpa.irD.-^    Variable  costs  of  machinery-  operation  include  fuel,  oil,  lubrica- 
tion, tires,  and  the  "variable"  components  of  machineiy  repairs.    Custom  work, 
where  rcq.uired,  was  also  charged  as  a  variable  machinery  cost.    For  e;-:anplc, 
faniers  with  madiiner-y  typical  of  the  l60-320  acre  range  have  no  beet  digger 
(machineiy  combination  I,  Table  h).    Therefore,  cuctom  beet  digging  costs 
enter  variable  costs  (V^)  for  this  si::e  range.    Labor  costs  are  not  included 
in  variable  machinery  costs^^  but  are  included  later  in  presentation  of 
total  -per  acre  cost  curves. 


Z/    Machinery  costs  for  budgcti:ag  purposes  were  obtained  primarily  from: 
[   ^rple  Costs  of  Production;  Equipment  Charges  and  Cost  Estimates  of  Selected 
lycroyo,  Woodland  Area,  Yolo  County,  19  ^,  (Woodland:     Calif,  /vgr.  Ext.  Ser.-., 
T^^oY.    Rood.  A.  P.,  Machineiy  Costs  and  Related  Data,  (Davis:    Calif.  Agr. 
Ex-G.'sei-/,  1959).    Reed,  A.  D.,  Custom  Rates  for  Fam  Operations,  (Davis, 
Calif.  i\gr.  Ext.  Scrv.,  1957).    These  sources  are  supplemented  by  other 
miscellaneous  publications  and  by  inquiries  of  machinery  dealers. 

2/    Machinery  repairs  are  divided  into  t\70  components:     (l)  A  "fixed" 
portion  required  to  maintain  the  equipment  with  mir.imum  use  and  (2)  a 
"variable"  portion  assumed  to  increase  proportionately  with  use  above  the 
minim^om  level. 

3/    Except  for  custom  worh,  whore  labor  costs  arc  inseparable  from  other 
components  of  the  custom  rate. 


f.  .  --„■.:,    :.S.\    ■JC  . 
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Figure  4  indicatcG  that  per  acre  aacliinery  fixed  costs  drop  sulastan- 
-oially  as  thoy  are  "spread"  over  orcator  acrcaccs,  particularly  for  equipment 
in  the  l60-32C  acre  ranje.    Machinciy  variable  costs  per  acre  are  constant 
within  each  size  group  but  are  successively  lower  for  each  larcor  size 
group,  reflcctiuG  per  acre  reductions  in  fuel  and  oil  cons'onipt ion  as  lavz^v 
capacity  nachinciy  is  uscd.-'^    Pai't  of  the  drop  in  variable  costs  per  acre 
between  size  GTOups  is  also  attributable  to  a  (gradual  shift  iron  contracting 
to  ovmership  of  hish-ccst  machinciy  for  specialized  operations.    For  example, 
hay  baling  is  shifted  from  a  contract  to  owier  operation  between  size  group 
III  and  IV,  thereby  shifting  baling  costs  from  the  variable  to  fixed 
catcgoiy.    The  total,  per  acre  machinery-'  cost  cui-vcs  of  Figure  h  (fixed  costs 
plus  variable  costs)  decline  fairly  smoothly  over  the  entire  size  range. 
The  discontinuities  between  size  groups  indicate  the  machinery  costs  arc 
reduced  by  opei^ating  smaller  nachineiy  to  capacity  versus  under-utilizing 
larger  machinciy.    However,  when  used  to  capacity,  each  larger  machinery 
combination  has  a  per  acre  machineiy  cost  advantage  over  the  ncx-t  smaller 
combination. 

In  Figure  5  a  long-run  per  acre  nachineiy  cost  cui-v'c  is  drawn  as  an 
"envelope"  to  the  short -ran  cur/es.-^    The  "envelope"  shows  minim'.u:i  machinciy 
costs  per  acre  associated  with  the  entire  acreage  range  from  100  to  2,600 
acres.    Machineiy  costs  per  acre  decline  sharply  at  lower  acreages  and  continue 


1/  No  difference  in  price  paid  for  fuel,  repairs  and  related  inputs  was 
assumed  for  different  size  groups. 

2/    Conceptually,  an  infinite  number  of  short -rin  cost  cur^rcs  relating 
to  successively  lai-ger  machinciy  combinations  arc  required  to  draw  an 
"envelope"  cur\^c.    The  long-run  cost  cur/e  of  Figure  5  is  only  an  empirical 
approximation  to  the  "envelope"  cur/c. 


_  .  ;  .-•       :.i  re  j-: 


•i^IIcx^:  ..V.I  roro 


^  FIG.  5.    MACHINERY  AND  EQUIPMENT  UUSIS  HbH  AUKb  hUK  hUUK  MAUHINtKY 
COMBINATIONS  AND  LONG-RUN  AVERAGE  COST  CURVE. 


Short-run  average 
cost  curves 

Long-run  average 
cost  curves 


FARM  SIZE  (100  ACRES) 
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to  doclinc  over  tiic  entire  rancc.  Beyond  600-700  acres  averacc  costs  decline 
nearly  linearly  at  the  rate  of  approximately  ^1  per  acre  for  each  additional 
100  acres  operated.    These  results  indicate  not  only  cost  economies  in 
capacity  use  of  Given  naclilneiy,  "but  cost  oconouics  in  shifting  to  larger 
and  larger  capacity  raachinciy.  ; 

In  the  low  acreage  range  in  Figure  5;  the  envelope  cur^/c  is  based  on 
a  considerable  amount  of  machinery  custom  worl:.    Thus,  with  nachineiy 
combination  I,  hay  baling,  sugar  beet  digging,  and  certain  other  operations 
arc  ass-umed  to  be  contracted  (sec  Table  k) ,    At  extremely  small  acreages, 
hovevcr,  there  are  several  other  possibilities  viiich  might  reduce  machinery 
costs  below  those  shomi  in  Figure  5:     (l)  Most  or  all  of  the  remaining  field 
operations  might  be  hired  on  a  custom  basis.     (This  possibility  has  limited 
application  on  a  wide  scale  because  of  lacl:  of  custom  operators  for  ordinary 
tillage  operation.)     (2)  The  small  opex-ator  might  o\m  expensive  equipment 
but  reduce  the  cost  per  unit  by  doing  custom  work  for  others.     (3)  Ifechinery 
might  be  ovmed  in  partnership  with  a  neighbor  or  the  neighbors  might  each 
owi  different  pieces  of  specialised  equipment  and  exchange  machineiy  sei-^iccs 
(h)  The  operators  might  reduce  costs  by  using  second-hand  equipment.  Incorpo 
ration  of  these  alternatives  in  the  analysis  might  have  lowered  the  envelope 
cuive  somewhat  for  very  small  acreages,  but  woLdd  have  had  ncgliblo  influence 
on  costs  over  the  more  relevant  acreage  range. 
Cost  Curves  for  all  Inputs  (Budget  l) 

I.fc.chiueiy  costs  arc  now  incorporated  irith  all  other  costs  to  arrive 
at  total  costs  per  acre  of  rotation  for  farms  of  different  si::cs.  Aside 
from  machinery,  labor  costs  represent  the  largest  single  cost  item.  Labor 
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costs  include 'ma'^ineiy  operation  (including  moving  and  servicing  equipment) 
at  $1.25  per  hour/ Irrigation  anff' seasonal  laloor  for  hoeing  sugar  beets  at 
$1.00  per  hour  and  tomato  picking  at  12  cents,  13  cents,  and  15  cents  per 
■box  for  the  fist,  second,  and  third  pickings,  respectively.    It  \nxs  assumed 
that  larger  farmers  had  their  o\m  labor  caiup  facilities  for  seasonal  labor 
and  that  smaller  fanners  had  access  to  workers  from  cooperative  camps  at 
comparable  costs.    Therefore,  labor  costs  also  included  camp  charges,  crew 
supervision,  transportation  for  workers  and  other  costs  related  to  seasonal 
labor.    Compensation  insurance  and  social  security  taxes  were  included  for 
all  domestic  laborers.    For  all  acreages,  labor  costs  wore  $70-72  per  acre. 
Rceuction  in  labor  cost  through  use  of  larger  equipment  was  approximately 
offset  by  the  shift  to  less  custom  work  and  more  owner  operations  as  farm 
size  increased.    However,  if  a  smaller  farmer  did  not  have  access  to  a  cooper- 
ative labor  camp  as  assumed,  labor  costs  per  acre  for  that  group  would  be 
higher.    Also  included. in  the  total  per  acre  costs  are  seed,  fertilizer, 
sprays,  dusts,  electricity  (primarily  for  irrigation),  interest  on  the  land 
investment  of  ^k8  per  acre  ($800  land  ©  6  percent),  land  taxes  of  $8  per 
acre,  and  miscellaneous  costs  such  as  grower  association  dues,  phone,  and 
roadside  weed  control.    In  summaiy,  an  attempt  was  made  to  incorporate  oil 
costs,  including  a  market  rate  of  return  on  capital  investment. 

Figure  6  summarizes  the  total  costs  per  acre  of  rotation  for  farms  of 
different  acreages.    Again,  curves  I,  II,  III  and  IV  refer  to  short-run 
average  cost  curves  for  the  coirre spending  machinery  combinations.  Cui-ve 
PC  I  is  a  planning  curve  drawn  as  an  "envelope"  to  the  short-run  curves. 
As  with  machinery  costs  alone,  the  average  total  cost  per  acre  of  rotation 
declines  sharply  to  about  600-700  acres,  then  declines  slowly  throughout. 
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PIG.  6.    AVERAGE  TOTAL  COST  CURVES  (ALL  INPUTS)  FOR  FOUR  FARM  MACHINERY  COMBINATIONS 
AND  ENVELOPE  OR  PLANNING  CURVE.   (BUDGET  I). 
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Line  RR'  at  $2^^2.96  per  acre  represents  the  average  gross  income  (average 
revenue)  per  acre  from  the  selected  rotation,  based  on  normal  yields  and 
e:q)ected  prices  (refer  to  Table  5).    Thus,  fanners  with  less  than  about 
200  acres  would  be  operating  at  a  loss  (average  total  cost  greater  than 
average  revenue),  or  accepting  lower  returns  on  their  resources  than  could 
be  obtained  elsewhere.    Yet  some  famers  in  this  category  continue  to 
operate  because  (l)  they  are  willing  to  sacrifice  monetazy  returns  (in 
terns  of  ^A^at  could  be  earned  elsewiaerc)  for  the  oppoii:unity  of  "living 
in  the  counti^^"  or  other  noniTionetaiy  considerations,  and/or  (2)  they  are 
"living  off"  the  machinciy  depreciation  (i.e.,  not  setting  aside  funds  for 
replacement  of  depleted  machinery).    In  the  first  case,  the  operators 
may  stay  in  farming  indefinitely,  accepting  mintoum  monetary  returns;  in 
the  second,  they  can  remain  in  farming  only  for  the  "short  run.  "  Farms 
over  200  acres  obtain  increasingly  greater  profit  per  acre  as  size  is 
increased  within  the  range  considered.    However,  operations  of  600-700  acres 
compete  closely  with  larger  farms  on  a  per  unit  cost  and  profit  basis.  Of 
course,  total  profit  continues  to  increase  beyond  this  point,. but  mainly 
through  greater  business  volume  rather  tlaan  through  greater  unit  profits. 
Cost  Curves  for  All  Inputs  (Budget  II ) 

The  Budget  I  analysis  assumed  a  constant  rotation  for  all  farm  sizes. 
For  reasons  emphasized  earlier,  however,  actual  cropping  patterns  in  the 
area  shift  toward  proportionately  more  of  the  lower  value  crops  (e.g., 
barley  and  milo)  as  acreage  expands.    Because  of  this  "shift,"  the  Budget  I 
assumption  of  a  homogeneous  "product  mix"  (fixed  cropping  system  for  all 
acreages)  is  now  relaxed  to  allow  different  cropping  systems  "typical"  of 
each  of  the  four  size  groups  (see  data  in  Table  6). 
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Curves  I    II,  III,  and  IV  (Figure  7)  represent  short-run  average  cost 
curves  for  the  corresponding  machinery  comhinations  and  cropping  systems .- 
Curve  PC  II,  diawii  as  an  envelope  to  the  short -run  curves,  declines  sharply, 
then  flattens  out  at  an  output  level  of  about  $150,000  (approximately  500- 
600  acres).    Under  these  cost  relationships  (Budget  II ),  farms  of  loss  than 
about  l60  acres  would  be  operating  at  a  loss  (average  cost  greater  thaji 
average  return)  compared  to  a  '^realc-even"  point  of  200  acres  (Budget  l). 
This  difference  results  from  a  more  intensive  cropping  system  for  Size  I 
farms  under  Budget  II  than  under  Budget  I  (compare  percentages  of  land  in 
each  crop  in  Tables  5  and  6).    Farms  mth  acreage  in  excess  of  l60  acres 
realize  increasingly  greater  profits  per  dollar  of  output  (TR)  up  to  the 
level  of  about  $150,000.    Fanas  beyond  this  output  organized  in  the  manner 
described  appear  to  have  little  or  no  advantage  on  a  cost  per  unit  of  output 
basis. 

It  is  emphasized  that  the  cost  and  revenue  functions  of  Figures  6 
and  7  arc  based  on  above-average  farming  efficiency,  normal  yields,  and 
nomal  prices.    Figure  7  (Budget  II)  is  perhaps  closer  to  existing  conditions 
than  Figure  6  (Budget  l)  because  the  cropping  systems  in  Budget  II  correspond 
more  closely  to  those  typically  found  in  the  respective  size  groups.  Again, 
no  economies  are  assumed  in  buying  resources  or  in  marketing  products  in 
quantity;  likewise,  no  diseconomies  of  inefficient  labor  use  or  "red  tape" 
are  assumed  as  size  increases.     In  summary,  the  Budget  II  analysis  suggests 
that  "smaller"  farms  can  and  apparently  do  offset  part  of  the  cost  economies 
of  machine  operation  on  large  acreages  by  farming  more  intensively  (i.e., 
employing  higher-value  cropping  systems).    Stated  conversely,  farms  without 

1/    For  Budget  II  total  costs  per  dollar  of  total  revenue  are  plotted  _ 
arainst  total  revalue.    As  discussed  previously  this  provides  a  more  meaningful 
comparison  of  cost  structures  for  different  sized  operations  when  the  cropping 
system  is  different  for  each  size  group. 
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PIG  7.    AVERAGE  TOTAL  COST  CURVES  FOR  FOUR  MACHINERY  COMBINATIONS  AND  ENVELOPE  OR 
PLANNING  CURVE.   (BUDGET  U). 
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the  benefit  of  large  tomato  contracts  or  government  allotments  for  sugar 
beets  must  operate  at  substantially  larger  acreages  to  achieve  the  same 
profit  margin  as  the  smaller  operator  with  these  benefits. 
Comparison  of  Budget  I  and  Budget  II  vlth  Sample  Farm  Observations 

Figure  8  compares  the  planning  curve  from  Budget  I  (PC  I  from  Figure 
6  -when  converted  to  average  cost  per  dollar  of  total  revenue),  the  comparable 
curve  for  Budget  II  (PC  II  from  Figure  7),  and  the  37  sanrple  farm  observations. 
The  two  long-run  cost  curves  are  almost  identical  at  lovrer  levels  of  total 
revenue  (up  to  about  $150,000  total  revenue),  beyond  which  PC  I  continues 
a  slight  decline  while  PC  II  levels  out.    The  divergent  shapes  of  PC  I  and  PC 
II  are  directly  related  to  the  basic  assumptions  underlying  each.    For  PC  I, 
the  cropping  pattern  is  held  constant  throughout;  hence,  due  to  spreading  of 
the  fixed  costs' -(primarily  machinery),  per  unit  costs  decline  continuously. 
However,  for  PC  II,  the  cropping  pattern  shifts  with  each  size  group  (Table 
6)  toward  less  intensive-lower  value  crops;  the  net  result  is  that,  afber  the 
initial  major  cost  economies  from  machinery  are  realized  (up  to  about  $150,000 
of  output),  subsequent  minor  economies  are  offset  by  the  increasing  proportion 
of  lower  value  crops  in  the  rotation.^ 

A  striking  feature  of  Figure  8  is  that  the  largest  farm  observations 
do  not  extend  beyond  about  $350,000  of  output,  yet  the  budgeted  fiHictions 
show  that  -with  machinery  canbination  IV  used  to  capacity,  output  could  be 
extended  to  about  twice  that  amount.    Machinery  combination  IV"  was  derived 

l/    The  PC  II  curve  is  probably  biased  slightly  upward  at  higher  output 
(TRJ  levels  due  to  the  method  used  in  computing  land  costs.    Tliat  is,  land 
\'alues  assumed  ($800  per  acre)  are  based  on  the  higher  quality  developed  Yolo 
soils,  whereas  expansion  of  opex'ations  toward  the  lower  value  crops  generally 
takes  place  on  the  poorer  soils  or  on  a  share  rental  basis. 
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FIG.  8.    COMPARISON  OF  PLANNING  CURVES  DERIVED  FOR  TWO  BUDGETING  SITUATIONS  AND 


SAMPLE  FARM  OBSERVATIONS. 
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directly  from  the  largest  fams,  suggesting  that  none  of  the  larger  fams 
sampled  are  using  machinery  nearly  to  capacity.    However,  some  "over- investment ' 
in  equijment  may  he  rational  as  a  hedge  against  losing  all  or  part  of  a 
crop  vhen  bad  weather  or  breakdowns  limit  time  for  field  operations.  This 
idea  can  be  partially  demonstrated  by  comparing  the  actual  performance  of  the 
37  sample  farms  in  19 5^       year  of  late  spring  rains  hampering  field  operation) 
•vith  their  performance  when  adjusted  for  normal  weather  conditions.  Farms 
normally  utilizing  their  machinery  at  less  than  25^  capacity  experienced  only 
a  h'})  increase  in  average  total  costs  (TC  ■»  TR)  in  19 58  compared  -vrLth  a 
normal  year;  farms  normally  operating  equipment  from  25-75/^  of  capacity 
experienced  in  12^  increase  in  average  total  costs  in  1958>  while  those 
normally  operating  at  75-100^  capacity  experienced  a  17^  increase  in  average 
costs  in  1958*    While  other  factors  (such  as  operating  machineiy  more  hours 
per  day  when  time  is  limited)  undoubtedly  influence  this  comparison, 
indications  are  that  firms  \ri.th  little  excess  machinery  capacity  generally 
suffer  most  under  unfavorable  weather  conditions.    Still,  it  appears  that 
many  farmers  in  the  area  have  invested  in  equipment  far  beyond  that  required 
as  reasonable  protection  against  unfavorable  weather. 

The  actual  fam  observations'  in  Figure  8  also  markedly  indicate  the  actraae 
variability  among  farms  in  total  costs  per  unit  of  output,  particularly  at 
low  output  levels.    Farms  under  $80,000  of  gross  income  revealed  variations 
of  over  100  percent  in  costs  per  dollar  of  gross  income.    Also,  many  farms  -vrlth 
less  than  $100,000  gross  income  were  more  efficient  on  a  per  unit  cost  basis 
than  farms  several  times  larger.    As  pointed  out  earlier,  actual  1958  individ- 
Vi3l  farm  costs  and  returns  veve  adjusted  to  reflect  normal  yields  and  prices. 
Yet  a  substantial  number  (16  farmers  out  of  37)  had  \init  costs  exceeding 
returns  (total  costs  greater  than  total  returns). 
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The  farm  observations  (adjusted  for  nornial  yields  and  prices),  xdxen 
plotted  against  PC  I  and  PC  II  in  Figure  8,  show  a  general  downv/ard  cost 
trend  with  increased  size.    Thus,  inefficient  farms  were  concentrated  in, 
although  not  limited  to,  the  smaller  size  ranges.    For  example,  five  out 
of  six  farms  with  output  of  less  than  $6o,000  (approximately  250  acres  of  the 
"standard"  Budget  I  rotation),  had  unit  costs  higher  than  unit  returns  (costs 
of  over  $1.00  per  $1.00  of  total  revenue);  with  output  (TR)  of  less  than 
$l40,000  (approximately  520  acres)  12  farmers  out  of  22  had  costs  greater 
than  returns.    On  the  other  hand,  with  output  (TR)  of  over  $l4o,000  only  4 
farms  out  of  15  had  costs  in  excess  of  returns. 

To  repeat,  costs  as  defined  here  include  a  raaiicet  rate  of  return  to 
operator  and  family  labor  and  to  investment  in  machinery  and  land.  Since 
these  costs  do  not  represent  an  "out  of  pocket"  cost,  not  all  firms  with 
costs  greater  than  returns  are  involved  in  cash  losses.    However,  such 
operators  are  losing  in  the  "opportunity  cost"  sense  that  they  are  receiving 
rates  of  return  on  their  labor  and  capital  investment  vAiich  are  lower  than 
they  could  obtain  in  alternative  uses  requiring  comparable  skills  and  involv- 
ing similar  risks.    In  fact,  several  of  the  smallest  farms  have  insufficient 
returns  to  cover  depreciation  on  their  machinery.    Unless  these  operators 
have  sources  of  outside  funds,  they  cannot  continue  in  business  once  their 
machinery  and  equipment  wears  out.    In  the  near  future,  these  farms  will 
probably  be  combined  with  other  units  to  reach  efficient  size. 

Theoretically,  the  budgeted  planning  curves  of  Figure  8,  based  on 
above  average  efficiencr/-,  should  form  an  approximate  envelope  curve  to  the 
actual  farm  observations;  this  condition  is  approximately  net  in  that  only 
five  farms  have  costs  below  the  budgeted  curves.    Actual  fana  costs  could 
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lie  above  the  efficient  budgeted  costs  for  several  reasons,  among  which 
are  (l)  non-capacity  use  of  machinery,  (2)  lov  intensity  cropping  systems, 
and  (3)  inefficient  management  and  organization  of  day-to-day  work  with 
resultant  high  costs.    Less  easy  to  explain  are  the  five  points  lying  below 
the  budgeted  cost  curves.    Examination  of  the  five  particular  farms  suggests 
the  major  reason  for  the  exceptionally  low  cost  per  unit  of  output  (TR)  is  a 
more  intensive  crop  combination  than  that  assumed  in  budgeting.    V/hile  these 
intensive  crop  combinations  may  occur  in  any  single  year,  they  cannot  be 
considered  "typical"  for  a  long-run  rotation.^/ 

Assuming  that  the  budgeted  envelope  curves  are  reasonable  approximations 
to  the  "true"  planning  curves  for  owned  operations  in  the  Woodland  area,  these 
statements  can  be  made:    Given  the  institutional  and  economic  constraints 
found  in  the  area,  owner-operations  of  about  $150,000  (5OO-60O  acres)  are 
nearly  as  efficient  in  terms  of  per  unit  costs  and  profits  as  larger  farms, 
providing  the  owners  employ  above-average  techniques  of  production  and  use 
machinery  to  near  capacity.    However,  even  with  constant  per  unit  profit 
margins,  the  total  return  to  management  is  still  increasing  rapidly  enough 
to  encourage  size  expansion.    Risk  and  uncertainty    is  undoubtedly  a  signifi- 
cant factor  limiting  expansion.    In  the  unfavorable  year  of  I958,  for  example, 
only  11  of  the  37  farms  made  a  profit.    Other  factors  limiting  expansion  are 
probably  (l)  capital  limitations  and  a  limited  rate  of  accumulation  of  equity, 

1/  L'feiiy  of  the  37  farm  observations  are  actually  rented  operations  which 
have  been  adjusted  to  an  equivalent  ovmed  basis  before  plotting  in  Figure  8. 
Tlaus,  the  highly  intensive  rotations  may  result  from  renter  operations  vAiich 
farm  different  parcels  of  land  each  year  in  order  to  plant  larger  acreage  of 
the  highly  intensive  crops. 
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(2)  satisfaction  with  current  incones,  reducing  the  incentive  for  even 
larger  incomes  and  (3)  progressive  income  tax  rates. 

(      Cost  Structures  for  Rented  Farms 

In  the  sample  area  of  Yolo  County,  share-renting  total  and  partial 
acreages  is  commonly  practiced.    Accordingly,  the  follo\d.ng  analysis  presents 
estimates  of  short-run  and  long-run  cost  curves  for  farms  operating  exclus- 
ively on  a  share-rental  basis.    The  basic  data  and  procedures  followed  for 
deriving  cost  curves  are  identical  to  those  used  in  the  previoiis  sections 
except  that  (l)  land  taxes  and  interest  on  land  investment  are  excluded  from 
total  costs  and  (2)  crop  income  is  reduced  to  represent  only  the  shax-e 
received  by  the  renter.-'''    Again,  cost  curves  are  obtained  both  for  Budget  I 
(a  common  cropping  system  for  all  acreages)  and  for  Budget  II  (a  separate 
cropping  system  "typical"  of  each  of  the  four  size  groups).    In  addition, 
cost  curves  are  obtained  for  "optimum"  or  profit  maximizing  cropping  systems 
derived  by  linear  programming. 
Cost  Curves  for  All  Inputs  (Budgets  I  and  II ) 

Figures  9  and  10  show  short-run  average  cost  curves  (l^  III, 
and  IV)    with  the  corresponding  planning  curves  (PC  I'  and  II')  for  Budget 

I  and  Budget  II,  respectively.    The  planning  curves  for  Budget  I  and  Budget 

II  follow  substantially  the  same  curvature  as  their  counterparts  for  the 
owner  operations.    Both  planning  curves  (Figures  9  aind  10)  tend  to  "flatten 
out"  at  almost  the  same  output  (TR)  level  (about  $150,000)  as  for  the  owner 

1/    Appendix  Table  A-1  shows  the  "typical"  share  rental  percentages  used 
in  the  analysis.    Tenant  gross  returns  for  cropping  systems  employed  for 
Budgets  I  and  II  are  given  in  Tables  5  and  6. 
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operations  shown  in  Figure  8.    Two  major  differences,  however,  are:  (l) 
Comparable  levels  of  total  revenue  for  "share-renters"  and  "ov/ners"  do 
not  imply  comparable  size  in  terms  of  acres  operated;  e.g.,  a  total 
revenue  of  $150,000  obtained  by  share  renting  corresponds  to  about  one- 
fifth  more  acres  opei'ated  than  the  same  income  on  owned  land.    Hence,  the 
corresponding  size  at  which  per  unit  costs  'level  out"  is  about  700-800 
rental  acres  as  compared  to  about  600-700  owned  acres.     (2)  Total  costs  per 
dollar  of  output  (total  revenue)  for  rented  land  are  about  ten  cents  less 
than  for  owned  land  at  comparable  levels  of  total  revenue.    Part  of  this 
ten  cent  difference  arises  from  the  fact  that,  under  existing  leasing  arrange- 
ments,  the  tenant  pays  less  per  acre  to  the  landlord  in  share  rent  than  his 
land  costs  per  acre  would  be  as  an  owner.    For  example,  assuming  the  "standard' 
Budget  I  crop  rotation,    an  owner-operator's  land  costs  per  acre  are  $56 
($800  land  ©  6$  =  ^kQ  plus  $8  land  taxes),  while  the  tenant  pays  the  land- 
lord the  equivalent  of  only  $47  per  acre  in  share  rent.    Under  these 
conditions,  tenant  profits  are  $9  per  acre  higher  than  an  owner-operator; 
profit  and  total  revenue  per  dollar  of  cost  are  also  higher. 

These  resiilts  indicate  that:    (l)  Landlords  renting  out  land  on  a 
cash  or  share-rent  basis  (or  oi-mer-operators )  ordinarily  are  receiving  less 
than  a  market  rate  of  return  on  their  investment  (based  on  present  land 
pBlces  and  interest  rates).     (2)    The  discrepancy  between  owner  land  costs 
and  tenant  share  rents  becomes  even  grater  as  the  rotation  shifts  to  less 
intensive  crops.    Hence,  oraer  operators  with  large  acreages  who  are 
forced  to  faim  less  intensive  crops  may  receive  lower  rates  of  return  on 
their  land  investment  than  smaller  operators  farming  more  intensively.  (3) 
Conversely,  tenants  expanding  their  operations  may  do  so  more  profitably  by 
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investing  in  additional  machinery  and  renting  land  rather  than  "tying  up" 
their  capital  in  high  priced  land.    These  factors  help  e:cplain  the  fact  that 
most  of  the  large  farms  in  the  area  operate  predominately  rented  land. 
Cost  Relationships  under  Optimum  Farm  Organizations  (Linear  Programming) 

The  product-mix  assumptions  used  thus  far  are  (l)  a  constant  product 
mix  for  all  size  groi.ps  and  (2)  product  mixes  constant  vithin  but  different 
between  size  categories.    Lineax  programming  is  now  used  to  derive  cost 
functions  -which,  under  existing  efficient 'tedincQ.cgy  for  each  crop,  and 
within  specified  resources,  rotation  and  institutional  restrictions,  represent 
minimum-cost  mixes  (cropping  systems)  for  attaining  each  level  of  output 
(TR).    This  formulation  measures  cost  relationships  facing  highly  efficient 
farmers  expanding  their  size  of  business  within  the  realistic  limitations 
facing  them. 

The  linear  programming  analysis  proceeds  as  follows:    For  each  of 
the  four  typical  machinery  combinations,  output  (total  revenue)  is  expanded 
in.  optinal  fashion  (least  cost  per  dollar  of  output)  by  continuous  increases 
in  operating  capital.—'''    Ultimate  expansion  in  each  size  group  is  limited  by 
the  power  machinery  available  in  critical  time  periods  to  perform  field 

1/    Heady,  E.  0.,and  Wilfred  Candler,  o£.  cit.,  Cliapter  7.  Variable 
capital  programming  was  used  in  deriving  the  greatest  output  (toteil  revenue) 
per  unit  of  operating  capital  (variable  cost)  at  all  cost  levels.    In  this 
case,  operating  capital  is  used  for  fuel,  oil,  labor  and  associated  vai-iable 
inputs.    A  similar  application  is  made  by  Barker,  Randolph,  Agricultural 
Economics  Research,  Vol.  XII,  No.  1,  Jan.  i960,  p.  6. 
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operations.-^    However,  expansion  must  be  consistent  -vrith  the  following 
specifications  and  restrictions: 

(1)  Rented  land  is  composed  of  a  typical  2:1  ratio  of  Yolo  A 
(light -textured)  soils  to  Yolo  B  (heavy-textured)  soils. 

(2)  Nematode  disease  problems  (and,  secondarily,  contract 
limitations  and  high  risk)  restrict  tomato  acreage  to  2^fo  (one 
year  in  four)  or  less  on  Yolo  A  land  and  20^  (one  year  in  five) 
or  less  on  the  heavier  Yolo  B  land. 

(3)  Also  because  of  nematode  problems,  sugar  beet  acreage  is 
restricted  to  255^  or  less  on  both  Yolo  A  and  Yolo  B  land. 

(4)  Sugar  beet  aci-eage  is  restricted  by  a  fixed  government 
allotment  for  each  grower.    In  accordance  with  sample  information  the 
sugar  beet  allotment  is  inci^eased  less  than  proportionately  for  each 
of  the  four  farm  size  categories, 

(5)  A  minimum  of  2%  of  both  Yolo  A  and  Yolo  B  land  is  planted 
to  alfalfa, 

(6)  The  landlord  requires  that  all  rented  land  must  be  cropped; 
i.e.,  no  land  left  fallow,  although  tomatoes  can  be  subleased. 

(7)  The  landlord  requires  a  minimum  of  20^3  of  the  rented  land 
planted  to  the  high  value  crops — tomatoes,  sugar  beets  or  some  combi- 
nation of  the  two. 


l/    Separate  restrictions  were  used  for  tracklayers  and  \rfieel  tractors 
since  they  generally  perfora  different  types  of  operations.    The  limited 
substitution  possibilities  between  traciaayers  and  wheel  tractors  were 
ignored.    For  details  of  the  procedui^o  used  in  computing  power  availability 
and  power  requirements  by  crops,  sec  page  25  and  Table  A-4. 

Other  restrictions  (e.g.,  labor)  might  be  imposed  in  certain  cases. 
However,  hired  labor  (primarily  Mexican  Nationals)  is  generally  available  to 
any  single  farm  in  essentially  uiHimited  quantity  at  prevailing  wages,  provid- 
ing the  farmer  arranges  for  them  reasonably  in  advance.    Rented  land  is  not 
treated  explicitly  as  a  limitation.    Additional  land  can  usually  bo  rented 
without  difficulty  providing  the  renter  has  a  good  reputation,  pays  prevailing 
rental  rates  and  is  willing  to  expand  operations  in  a  noncontiguous  manner 
geographically.    Increased  costs  associated  with  operations  separated 
geographically  arc  not  ocplicitly  introduced  within  each  size  category  as  size 
expands.    However,  in  the  larger  size  categories  more  equipment  associated 
with  a  widely  separated  operation  is  included  in  the  machinery  inventory  (e.g., 
carryalls,  flat-bed  trucks,  etc.). 
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Linear  pi-ogranming  is  used  to  select  the  combinations  and  levels  of 

28  alternative  crop  activities  wiiich  maximize  total  revenue  per  unit  of  cost, 

consistent  with  the  above  re strict ions. Figure  11  illustrates  the  resulting 

short-run  total  cost  functions  derived  for  each  of  the  four  machinery-size 

combinations.    Total  fixed  cost  (TFC)  is,  by  definition,  a  constant  for  all 

levels  of  output  in  each  of  the  short-run  situations.    Since  all  land  is 

rented,  total  fixed  costs  include  only  fixed  machinery  costs.    Total  variable 

cost  (TVC)  for  each  level  of  output  (TR)  is  derived  directly  by  linear 

programming.    Crops  with  the  greatest  revenue  per  dollar  of  variable  cost 

enter  the  optimum  plans  at  low  output  (TR)  levels.    As  output  (TR)  increases 

and  machinery  capacity  becomes  restrictive,  it  is  necessary  to  shift  to  crops 

providing  lower  returns  per  dollar  of  operating  capital,  but  greater  returns 

per  hour  of  limited  power  equipment.    Shifts  to  the  lower  value  products 

causes  output  (tR)  to  increase  at  a  decreasing  rate,  and  therefore,  TVC 

2/ 

in  relation  to  output  to  increase  at  an  increasing  rate  (Figure  ll),-' 
Summation  of  TFC  and  TVC  equals  TC  (total  cost). 

Figure  12  summarizes  the  average  cost  functions  derived  from  the  total 
cost  functions  of  Figure  11.    The  derived  short -run  cost  cui-vcs  (l,  II,  III, 
IV)  are  "u"  shaped  because  increasing  AVC  (average  variable  costs)  eventually 
outweigh  declining  AFC  (average  fixed  costs).    Short-run  curve  IV  lies  on  or 
above  III  over  the  entire  output  range,  because  (l)  total  and  therefore  average 

1/    For  these  optimum  cropping  systems  and  other  details  sec:    Dean,  G.  ¥. 
and  H.  0.  Carter,  Guides  to  Profitable  Cropping  Systems  for  Yolo  County  Farms, 
Giannini  Research  Report  (forthcoming). 

2/    It  is  emphasized  that  the  increasing  TVC  in  Figure  11  stems  from 
the  changing  product  mix.    Under  the  linearity  assumptions  of  linear  program- 
ming TVC  increases  at  a  constant  rate  (constant  AVC)  if  the  product  mix 
(roT:ation)  is  constant.  ^.  • 
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FIG.  11.  TOTAL  COST  FUNCTIONS  DERIVED  BY  LINEAR  PROGRAMMING  FOR  EACH  OF  FOUR 
MACHINERY  SIZE  GROUPS. 
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AVERAGE  TOTAL  COST  CURVES  FOR  FOUR  MACHINERY  COMBINATIONS 
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fixed  machinery  costs  arc  considerably  higher  for  machinery  combination  IV 
and  (2)  because  the  sugar  beet  acreage  allotment  does  not  increase  proportion- 
ately with  size.    The  envelope  curve  (PC  III)  is  therefore  "u"  shaped^  declin- 
ing sharply  to  about  $0.70  at  $100,000  output,  falling  to  a  minimvjm  of  $0.65 
at  $240,000  output,  then  increasing  gradually  to  about  $0.72  at  an  output 
of  $440,000.    Thus,  farms  vith  output  beyond  $240,000  (roughly  1,420  acres) 
begin  to  experience  rising  average  costs  because  of  the  institutional  and 
economic  limitations  forcing  a  change  in  product  mix.    This  relationship  may 
help  to  explain  the  absence  of  many  farms  actually  operating  in  the  extremely 
high  output  ranges. 

Since  a  "u"  shaped  planning  curve  is  seldom  foxmd  empirically  in  agri- 
culture or  industry,  the  reasons  underlying  the  shapes  and  positions  of  the 
cost  curves  have  been  explained  in  some  detail.    It  is  emphasized  that  the 
"u"  shaped  planning  curve  derived  here  relates  directly  to  resource  and 
institutional  restrictions  which  change  with  size,  forcing  changes  in  input 
combinations  and  output  mix.    Nonetheless,  the  planning  curve  does  correspond 
to  a  realistic  path  of  expansion  for  farms  in  the  study  area. 
Comparison  of  Budgeted  and  Programmed  Costs  vith  Sample  Farm  Observations. 

The  long-inm  average  cost  curves  for  share-renters  based  on  throe 
different  sets  of  assumptions  arc  superimposed  upon  the  sample  farm  observations 
(Figure  13).    The  corresponding  results  for  "owned  land"  were  shown  earlier 
in  Figure  8.    The  three  planning  curves  of  Figure  13  represent  approximations 
to  the  "true"  planning  curve  facing  share-renting  operators  in  the  Yolo  area, 
based  on  different  sets  of  conditions.    Curve  PC  III  represents  the  lowest 
possible  cost  (under  existing  technology,  specified  resources  and  the  rotational 
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and  institutional  restrictions  listed  in  the  last  section)  for  attaining 
each  output  (TR)  level.    Hence,  this  curve  (connecting  the  "most  efficient" 
points)  should  form  an  approximate  envelope  to  the  sample  farm  costs.  Only 
four  farms,  all  with  output  of  less  than  $60,000,  fall  helow  the  PC  III 
curve.    As  pointed  out  earlier,  these  low-cost  farms  are  employing  more 
intensive  rotations  than  could  be  sustained  in  the  long-run. 

As  expected  the  programmed  cost  curve  (PC  III)  falls  below  the  budgeted 
cost  curves  (PC  I*  and  PC  II')  over  most  of  the  relevant  range,  because  the 
former  is  based  on  optimum  cropping  systems  at  each  level  of  output.  At 
high  output  levels,  PC  III  rises  above  PC  I'  and  PC  II'  for  reasons  noted 
above.    Unfortunately,  no  farm  observations  are  available  beyond  $270,000  to 
compare  with  the  planning  curves.    This  lack  of  actual  farms  beyond  this 
point  suggests  that  perhaps  PC  II'  and  PC  III  may  be  quite  realistic;  i.e., 
showing  no  great  economies  (even  diseconomies  in  PC  lU)  with  further 
expansion.    Again,  risk  and  uncertainty  become  important  considerations 
limiting  expansion  in  this  size  range. 

The  observed  individual  farm  unit  costs  are  highly  variable,  particularly 
at  output  levels  less  than  $60,000.    However,  only  12  share-rented  farms  are 
apparently  operating  with  unit  costs  exceeding  returns  as  compared  to  l6 
owner-operated  farms.    This  emphasizes  the  point  that  share-rental  arrangements 
with  typical  cropping  systems  favor  renters  at  present  land  prices. 

As  in  the  owned  situation,  renter  costs  as  defined  here  include  a 
market  rate  of  return  to  the  operator  and  to  machinery  Investment.  Hence, 
farm  observations  lying  above  the  "break-even  $1  line"  are  not  necessarily 
incurring  cash  losses.    They  are,  however,  experiencing  rates  of  returns 

on  their  resources  below  the  market  rate. 
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Summarizing,  the  data  of  Figure  13  indicate,  both  in  terms  of  the 
analysis  and  actual  farm  observations,  that:    (l)  share-renting  with  a 
gross  income  of  less  than  $ii-0, 000  (about  200  acres)  is  not  feasible  with  the 
usual  cropping  systems  and  costs  fo\ind  in  Yolo  County.    Exceptions  are 
renters  who  specialize  in  a  high  value  crop  such  as  tomatoes.    (2)  Per  unit 
cost  advantages  for  larger  opei'ations  tend  to  diminish  almost  entirely  beyond 
output  levels  of  $l40,000-$150,000.    Further,  it  is  possible  that  at 
extremely  high  output  levels  (beyond  about  $2^0,000),  per  unit  cost  may 
actually  increase  slightly,  resulting  from  realistic  limitations  on  farm 
expansion  possibilities. 


(2)    .  a!JO.t;7;aoJ  ac  rfoi 
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SUMMARY  MD  CONCLUSIONS 

This  report  is  the  first  of  a  series  of  studies  for  different 
fanning  areas  of  California,  devoting  primaiy  attention  to  cost  relationships 
as  the  scale  of  faming  operations  is  e>rpanded. 

The  report  applies  to  the  cash-crop  irrigated  area  around  Woodland  in 

Yolo  County;  California. 

A  sample  of  37  farms,  ranging  in  size  from  71  to  k,000  acres,  provides 
the  primary  hasis  for  the  analysis.    Cost  relationships  vith  respect  to  size 
are  examined  for  hoth  owned  and  share-rented  operations  under  several  different 
assumptions:    (l)  cropping  systems  expanded  in  constant  proportions  for  all 
levels  of  output  (TR)j  (2)  crops  expanded  in  nonconstant  combinations  "typical" 
of  the  sonple  of  faras;  (3)  crops  expanded  in  "optimum"  combinations,  using 
minimum  cost  per  unit  of  output  (TR)  as  the  criterion  of  optimality.  Budgeting 
provides  the  basis  for  (l)  and  (2)  while  linear  progroiaming  is  employed  for 
(3).    Above  average  technology  and  management  are  assumed  throughout. 

Briefly,  the  results  can  be  summarized  as  follows:    (l)  Machinery 
costs  per  acre  decline  sharply  up  to  about  600-700  acres,  but  only  gradually 
(about  $1.00  per  acre  for  each  additional  100  acres  operated)  thereafter. 
(2)  If  the  sane  crop  rotation  is  used  for  all  sizes  of  fanns,  owner  total 
costs  per  unit  of  output  (TR)  decline  up  to  about  600-700  acres  and  then 
decline  slowly  throughout;  renter  costs  decline  substantially  up  to  about 
700-800  acres  before  tending  to  flatten  out.    (3)  If  larger  fams  must  shift 
to  less  intensive  crop  rotations,  owner  costs  per  unit  of  output  are  nearly 
constant  beyond  50O-6OO  acres  and  renter  costs  per  unit  of  output  are  nearly 
constant  beyond  70O-80O  acres.    In  these  cases,  "mailer" ranches  offset  part 
of  the  cost  economies  of  machine  operations  on  larger  acreages  with  a  more 


■faoionib  -xo't  3olhii&B  to  Boiioe  a  lo- i-^  ■.>  noqu-x  a±:fj? 

fl-  Laalbooy  bnucnc  coir.  ?->+isiiix  qo^y-rfoao  -itiy  o3  soilcrqi?  ."MrvjoT  i 

" ic:-: -rTf.-?"  anoi.t.CiiI:cfciOD  *a3,tf=aoo/<ofi  ^o-r"?  (?)  •  f stt'S  .>'•%'■.'>.  ^r-rr.,- 

.■■.■:Jo.t  -^iiv-'o  ^io  8osi:a  XXc  -col  beau  a.l  r;p.f*r.i-fyi  (to-to  -.rtrR  «rf.,'  fQ'j 


55. 


intensive  cropping  systen.    The  results  also  suggest  that  share-renters 
capahle  of  obtaining  good  quality  land  at  going  share  rental  rates  my 
expand  their  operations  nore  profitably  by  investing  in  the  necessary 
machinery  (or  using  present  nachineiy  nore  fully)  and  renting  land  rather 
than  buying  land  at  present  prices,    (h)  If  output  (TR)  is  expanded  in 
"optinun"  fashion  (rather  than  "typical")  within  realistic  institutional  and 
physical  constraints  acting  in  Yoloi  County,  no  cost  advantages  are  evidenced 
beyond  $2^^-0,000.    In  fact,  per  unit  costs  tend  to  increase  beyond  this  level. 
Furthermore,  the  planning  curve  based  on  the  "optinun"  cropping  systen  appears 
to  fom  a  reasonable  approxination  to  an  "envelope"  of  the  actual  fam 
observations,  at  least  within  the  range  where  observations  are  available. 
This  analysis  assumes  no  economies  in  purchasing  inputs  (i.e.,  discounts  on 
large  purchases)  or  in  marketing  products  in  large  quantities;  however,  no 
diseconomies  of  inefficient  labor  use  or  "red  tape"  are  considered  either. 
The  shapes  of  the  cost  functions  presented  therefore  arise  entirely  from 
other  sources  of  economies  and  diseconomies,  and  woiild  have  to  be  modified 
if  the  omitted  factors  mentioned  are  important. 

In  conclusion,  the  analyses  reveal  definite  economic  reasons  for 
the  present     trend  toward  consolidation  and  expansion  in  size  of  smaller 
units  in  Yolo  County.    On  the  other  hand,  the  analysis  does  not  indicate  a 
strong  economic  incentive  for  expansion  to  extremely  large  size;  farms  of 
about  600-800  acres  appear  able  to  compete  on  a  unit  cost  and  profit  basis 
with  much  larger  farms.    Yet  because  unit  costs  are  approximately  constant 
over  a  wide  range,  a  continuation  of  a  wide  variation  in  farm  sizes  can  be 
expected,  with  little  tendency  for  farm  size  to  concentrate  at  one  "optimum" 
size. 
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ThG  Yolo  County  area  appears  to  be  sufficiently  representative  of  nany 
other  irrigated  field  crop  areas  of  California  and  else-vrfaere  in  the  West  (in 
terns  of  types  of  crops,  size  of  machinery  and  equipnent,  etc. ),  to  suggest 
a  similar  pattern  of  cost  relationships.^    From  a  policy  standpoint,  the 
results  clearly  indicate  the  economic  inefficiency  associated  with  development 
programs  limiting  farm  size  in  similar  agricultural  areas  to  l60  or  320  acres. 
If  such  size  limitations  appear  desirable  on  social  and  other  grounds,  the 
sacrifice  in  efficiency  should  be  clearly  recognized. 


1/    Of  course,  cost  relationships  for  farms  raising  fruits,  nuts  and  other 
specialty  crops  undoubtedly  are  far  different.    Companion  cost  studies  of 
important  fruit  and  vegetable  areas  in  California  are  nov  underway. 
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APPENDIX;    SELECTED  BASIC  DATA 
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TABLE  A-1.    MOST  COI#ION  LEASING  ARRA^IGEfffilJTS 
IN  YOLO  COUl^TY  STUDY  AREA 


i 

1 

Share  to^^  / 

Shares  used  in 
budget  iiig  and 

!  Crop 

landlord-^ 

Cash  rent 

prograniming  b/ 

I  

;  Tomatoes 

15 -20^^ 

15 /a 

i 

Sugar  beets 

Alfalfa 

o  or' 

2  5 /J 
(roadside) 

■ 

ocr' 

(roadside) 

i    Pnnk  hpans  fsinp'^e  croiD) 

20-25^0 

25';i 

!      "          "      (double  crop) 

20f,i 

20^3  ■ 

j    Saf flower 

\  Barley 

! 

;  VJheat 

25-il-O^i 

1    Milo  (sinijle  crop) 

25?; 

25^ 

i        "    (double  crop) 

20^0 

20f^ 

i 

Corn 

2% 

25^; 

1 

I    Sudan  seed 

2% 

25^ 

'i 

•    Alfalfa  seed 

[ 

25$ 

\ 

25^ 

a/    Based  on  1959  survey  of  37  Yolo  County  farmers  and  on:     Sample  Costs  j 
of  Production;  Equipment  Charges  and  Cost  Estimates  of  Selected  Crops, j 
Woodland  Area,  Yolo"  County,  195«,  Calif.  Agr.  E>::t .  Serv.,  Woodland, 
California,  19 5^- 


b/    Assumes  that  landlord  does  no  field  work;  tenant  pays  electricity  for 
pumpirjg . 


I 


.6? 


■  \  - 
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TABLE  A-2.    PRICE  ASSUMPTIONS  FOR  YOLO  COUKTy  CROPS 


1 

Crop 

Unit 



io  Sugar 
content 

Price  ' 

per 

unit 

Tomatoes 

ton 

.i)22.00 

Sugar  beets 

ton 

iG.QFjo 

13.80 

. 

13.55 

13.00 

1 

12.75 

lU.O^ 

12.20 

Alfalfa 

ton 

22.00 

Pink  beans 

cwt . 

6.50 

Alfalfa  seed 

(Buffalo  &  Ranger) 

cwt . 

27.00 

Saf flower 

ton 

75.00 

Barley 

cwt . 

2.00 

Wheat 

cwt . 

3-00 

Milo 

cwt . 

2.10 

Corn 

cwt , 

2.50 

Sudan  grass  seed 

cwt . 

5.00 

c  

a/    Based  on  judgment  and  past  prices  received  by  Yolo  County 
farmers . 


00.::::; 
00.  r  I 


00.  vq 

00. l;: 
00.^: 

00.,' 
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TAE.LE  A- 3.    PER  ACRE  YIELD  AIID  FERTILIZATION  ASSUl'IPTION 
FOR  YOLO  COUI'ITY  CROPS  a/ 


Crop 

Soils  : 

Yolo  -  A 

Yolo  -  B 

'oinatoes  b/  yield-tons 
fertili zer 

20  2U 
0  QOfjil 

25#P205 

19  23 

0  SOyl^N 

25#P205 

lugar  beets  c/  yield-tons 
fertiliser 
^0  sugar 

17         22  25 

0     80,;^^  16077K 

16.0     15.7  15-0 

17        22  25 

0      QOi'fii  iGof^i 

15.0    l^-!-.7  ih.O 

.Ifalfa  d/  yield-tons 
fertiliser 

7.5 

0 

6.5 

0 

! 

fink  beans              yield-lbs.   ;  2200 
fertilizer  0 

1800 

0 

.Ifalfa  seed          yield-lbs.   1  500 
fertiliser  j  0 

uoo  i 

0 

af flower                yield-lbs . 

fertilizer 

1800 

50^;^] 

2000 
50^11 

iarley                    yield-lbs . 

fertilizer 

3^00 

2800 
307^^ 

jheat                       yield -lbs . 
'  fertiliser 

3000 

2400 
30#N 

ilo                        yield -lbs . 

fertilizer 

500c 
1257)^ 

4000  ' 
125#N 

orn                        yield-lbs.  |  65OO 
fertilizer  ^'^OfjiA 

5500 

12  57^^ 

;udan  grass            yield-lbs.  j  26OO 
seed                    fertilizer  ;  ')0-i,k', 

2200 
507r^J 

,/    All  estiniates  except  tomatoes  and  sugar  beets  based  on  estimates  by 
Dr.  Milton  D.  Miller,  Department  of  /.gronomy.  University  of  California, 
Davis,  and  adjusted  on  the  basis  of  "normal"  yields  estimated  by  a 
sample  of  39  Yolo  County  farmers  in  19 58. 


b/    Tomato  estimates  obtained  from  Dr.  Jolm  Lin^le,  Department  of  Vegetable 
^     Ci-ops,  University  of  California,  Davis.     Tomatoes  allowed  one  year  in 
four  on  Yolo  A  soils,  and  one  year  in  five  on  Yolo  B  soils. 

c/    Siagar  beet  estimates  obtained  from  Mr.  Jack  Hills,  Department  of 

/agronomy,  Univex-sity  of  California,  Davis,  and  Mr.  Dan  Deter,  Spreckles 
Sugar  Company,  VIoodland,  California.    Sugar  beets  allowed  one  year  in 
four  on  Yolo  A  and  Yolo  B  soils. 

d/    Four  year  stand  assumed.    Minimuia  of  25  percent  of  Yolo  A  and  Yolo  B 
soils  assuined  planted  to  alfalfa. 
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TABLE 

Tracklayer  and  Wheel  Tractor  Power  Availability  and  Per  Acre  Crop  Requirements,  by  Time  Periods' 


Per  acre  n 

ovrer  requirement 

St  bv  crops  and  time  periods  b/ 

Power  available 

Tot.hrs. 

Total 

avail— 

per 

tractor 

TP  aTTTl    S  A  f7P 

tractor  1  Number 

hotirs 

To— 

Sugar 

Alfalfa 

Pink 

Alfalfa 

Saf— 

J?  lejLQ. 

Sudan 

^  ny*     o  / 

X  or  w/ 

avail- 

of c/ 

avail- 

+.i.i*ne neriod. 

beets 

hav 

beans 

seed 

flower 

Barlev 

^Vheat 

Mllo  I 

cpm 

seed 

X  XU  .  W  UX 

able  d/  J 

tractors 

able 

SIZE  X 

n  ii  r  1 Y  ^  A 

440 

2 

880 

oepx»i~uox«xo 

0,80 

_ 

0.80 

1.12 

1.12 

_« 

mm 

44 

0ct.l6-Feb.l5 

3.6 

5,2 

0,25 

.7 

0.25 

1.5 

.38 

•  38 

.16 

.32 

.2 

74 

740 

1480 

Feb.l6-May  1 

— 

— 

— 

3.4 

— 

— 

- 

- 

.84 

1.68 

1,0 

51 

510 

lOZO 

VJheel  tractor 

2 

Sept • 1— Oct • 30 

1,0 

,4 

1.0 

_ 

_ 

59 

590 

1180 

Nov.l-Feb.l 

— 

0 

0 

.5 

.8 

— 

— 

- 

53 

530 

1060 

Feb»l-Apr»l 

1.7 

1.2 

— 

- 

- 

.8 

- 

- 

.4 

- 

— 

34 

340 

680 

Apr.1-30 

— 

.8 

— 

1.0 

— 

— 

.2 

- 

.4 

- 

.3 

24 

240 

AOf\ 

May  1-31 

.5 

_ 

.7 

.5 

.7 

— 

.2 

- 

,25 

.5 

,3 

29 

290 

5o0 

June  1-30 

.5 

.4 

.7 

,8 

- 

- 

- 

- 

.47 

.17 

30 

300 

OUU 

July  1-31 

.5 

.4 

,7 

.8 

— 

- 

- 

- 

.47 

.17 

31 

310 

AO  A 

Aug.1-31 

_-5  . 

— 

.7 

— 

— 

- 

- 

- 

.27 

.17 

31 

310 

AO  A 

SIZE  II 

Tracklayer 

2 

Sept.l-0ct.15 

0.80 

0.80 

.9 

1.0 

44 

440 

880 

Oct,16-Feb.l5 

4.4 

0.25 

.57 

0.25 

1.3 

.3 

.3 

.13 

.3 

.17 

74 

740 

1480 

Feb.l6-May  1 

2.83 

.67 

1.5 

.83 

51 

510 

1020 

Wheel  tractor 

2 

Sept.l-Cot,30 

2.0 

1.0 

.4 

1,0 

59 

590 

1180 

Nov.l-Feb.l 

0 

0 

.4 

.6 

53 

530 

1060 

Feb  ,1-Apr  1 

1.3 

1.0 

.6 

.4 

34 

340 

680 

Apr,l-30 

.7 

.9 

.17 

.4 

.2 

24 

240 

i  480 

May  1-31 

.5 

.7 

.5 

.7 

.17 

.25 

,5 

.3 

29 

290 

1  580 

June  1-30 

.5 

.4 

.7 

.8 

.45 

.17 

30 

300 

j  600 

JvOy  1-31 

.5 

.7 

.8 

.44 

1  •^'^ 

31 

310 

1  620 

.  •  -     .  ^  s  ■ 
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s. 
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06.0 
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»B  (Table  A-4  continued. ) 


Per  acre  power  requirements ,  by  crops  and 

time  periods 

b/ 

Power  availab3,e 

1 

Days 

Tot.hrs, 

Total 

avail- 

per 

tractor 

Farm  size 

able 

tractor 

Number 

hours 

equipment  & 

To- 

Sugar 

Alfalfa 

Pink 

Alfalfa 

Saf- 

Field 

Sudan 

for  c/ 

avail— 

of  o/ 

avail- 

time period 

mato 

beets 

hay 

beans 

seed 

flower 

Barley 

Wheat 

Milo 

com 

seed 

fid .work 

abled/ 

tractors 

able 

SIZE  III 

Tracklayer 

3 

Sept,l-0ct,15 

— 

- 

0,50 

- 

0.50 

- 

•9 

,85 

- 

— 

- 

44 

440 

1320 

Cct.l6-Feb.l5 

2,5 

3.2 

.15 

.43 

.15 

1.1 

,3 

.25 

,13 

,22 

,17 

74 

740 

2220 

Feb,16-May  1 

- 

- 

— 

2,17 

- 

- 

- 

♦67 

1.08 

,83 

51 

510 

1530 

•3 
J 

1.1 

,C34 

.4 

,o4 

Dy 

Dyvj 

O  V          f  c  D  sX 

0 

0 

,4 

,6 

53 

530 

1590  i 

Feb.l-Apr.l 

1.2 

1.2 

. 

.6 

.4 

mm 

34 

340 

1020  { 

Apr. 1-30 

.8 

i- 

,8 

— 

— 

.15 

— 

.4 

— 

.2 

24 

240 

720  1 

May  1-31 

.5 

— 

.7 

.5 

•7 

.15 

— 

.25 

.5 

.3 

29 

290 

870  j 

June  1—30 

,5 

.4 

.7 

•8 

— 

— 

— 

— 

.42 

.17 

- 

30 

300 

900  ' 

July  1-31 

.5 

.4 

,7 

,8 

— 

— 

— 

— 

.42 

.17 

- 

31 

310 

930  1 

Aug. 1-31 

.5 

.6 

.7 

— 

— 

— 

— 

— 

,27 

,17 

- 

31 

310 

930  i 

jsiZE  IV 

1 

Tracklayer 

A 

Sept,l-0ct.l5 

- 

- 

0,50 

- 

0.50 

— 

.68 

-.82 

_ 

— 

44 

440 

1760 

Cot.l6-Feb,15 

2,0 

2.8 

.15 

.38 

.15 

1,1 

.22 

.28 

.1 

.22 

.13 

74 

740 

2960 

Feb.l6-Way  1 

1.92 

.5 

1,08 

.67 

51 

510 

2040 

Wheel  tractor 

6 

1 

Sept.l-0ct,30 

1.1 

2,25 

.4 

2,25 

59 

590 

3540 

Nov.l-Feb.l 

0 

0 

.3 

,4 

53 

530 

3180 

Feb.l-Apr.l 

1.1 

.75 

.4 

,4 

34 

340 

2040 

Apr. 1-30 

.55 

.8 

.14 

,4 

.15 

24 

240 

1440 

May  1-31 

.5 

2ml 

,5 

2.1 

.14 

.25 

,5 

,30 

29 

290 

1740 

June  1-30 

.5 

.4 

2.1 

•8 

.41 

.17 

30 

300 

1800 

July  1-31 

.5 

.4 

2.1 

•8 

.41 

.17 

31 

310 

1860 

Aug,  1-31 

.5 

.6 

2.1 

,27 

,17 

31 

310 

1860 

(continued  on  next  page,] 
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(Table  A-h  continued. ) 

a/  A.  D.  Reed  and  P.  S.  Parsons,  Extension  Economists,  University  of  California,  Davis,  assisted  in  estimating 

~  time  periods  for  individual  field  operations  for  each  crop. 

b/  Based  on  numeroue  California  Extension  Service  publications  pertaining  to  different  crops.  Calculated 

~  on  an  engineering  efficiency  basis. 

c/  See  Table  h  for  sizes  of  power  equipment.  j 

d/  Based  on  a  10-hr.  day.  ,  ,r 


